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ABSTRACT;
Part I
The light absorption of 2,5-diaminoterephthalic acid, and its 
simple derivatives is considered. These compounds are coloured and 
the reasons for the large bathochromic shift of the benzenoid absorption 
are sought. Comparison with theoretical values shows that the shift 
of the benzenoid absorption by auxochromic substituents is greater 
than predicted when treating each substituent in isolation but much 
as predicted when considering the anthranilate group as a single 
auxochrome. The possibility of hydrogen bonding between adjacent 
carbonyl and amino groups of the anthranilate group is investigated by 
infra-red absorption studies; also the stabilisation of charge separated 
states in various solvents is considered.
The H-phenyl derivatives, precursors of the pigment quinacridone 
and colourants in their own right,are seen to exist in partially 
hydrogen bonded forms from study of their proton magnetic resonance 
and infra-red spectra in carbon tetrachloride. These compounds 
show a similar pattern of absorption to their aliphatic analogues; 
however, the bulky substituents increase the importance of steric effects.
ABSTRACT:
Part II . :
1,3-Dihydrazino isoquinoline is prepared from £-cyano benzyl- 
■ cyanide and hydrazine hydrate. The aromatic structure is verified by 
its ultra-violet and proton magnetic resonance spectra. The reaction 
of this and 1,4-dihydrazinophthalazine with nitrous acid both yield a 
mono-azido mono-tetrazolo derivative and not the possibly expected 
di-azido compound. The uncyclised azido function can be reduced in 
2-ethoxy~ethanol to an amino group. Two possible structures exist 
for this reduced compound. Mass spectral studies fail to differentiate 
between them but the correct structure is assigned from the proton 
magnetic resonance spectrum. Cyclisation of the second azido function 
only appears to occur in the mass spectrometer when the molecule is in 
an excited state where the simultaneous loss of six nitrogen atoms 
is observed. The -possible'use of any of these high nitrogen content 
compounds as blowing agents is ruled out because of the coloured residues 
they leave on heating.
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PART OPE
IP TRODUGTION
The linear-trans-quinacridone, quin-(2,5b)~acridine~7,14(5»12)~ 
dione(l), commonly referred to in the literature simply as quinacridone 
can be prepared in useful pigmentary forms,£ -- many simple
derivatives show excellent pigmentary properties.!/ ^high melting 
• or infusible deeply coloured solids^insoluble in all the common 
organic solvents.
H
Quinacridone was first unambiguously synthesised (as a red-violet 
powder) by Liebermann in 1935 ^ from 2,5-dianilidoterephthalic acid (2)
(2) (l)
with ring closure as shown above. It is in the colour and light absorption 
of the diarylamino terephthalic acids and their esters, themselves used 
as pigments in the printing industry and the similar diaminoterephthalic 
acids and their esters that our interest has lain. Almost without 
exception, the simple derivatives of 2,5-diaminoterephthalic acid (simple 
esters and N-alkyl and 1-aryl derivatives) are coloured solids giving
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coloured solutions and in some cases there are interesting colour 
changes in going from the crystalline material to a solution, e.g. 2,5- 
dimethy1-aminoterephthalic acid,which as a solid is almost colourless, 
gives a colourless aqueous solution and yet an orange solution when 
dissolved in ethanol. We were interested therefore in the effect of 
the structure of these compounds, and attendant solvent effects, on 
their light absorption in the ultra-violet and visible regions of the 
spectrum.
Since 1955 when the Dupont, company discovered methods of preparing
2linear-trans-quinacridones in useful pigmentary forms there has been 
a rapid escalation of interest in these compounds and more than 100 
derivatives have now been reported and in many cases different crystal 
modifications of the same derivative. The range of colours is indicated 
in Table 1. Quinacridone derivatives have found uses as pigments in 
plastics (e.g. polyvinylchloride, polyethylene and polystyrene), paints, 
printing inks and textile printing. The particular fastness of the 
pigment means that it is of special use in colouring articles which 
may be used outdoors, for example in motor car paint, where there is a 
great possibility of fading due to the effects of ultraviolet light and 
the atmosphere.
TABLE 1
Colour of Some Q.uinacridone Derivatives 2
Quinacridone Hed
2 - .Me thylquinacridone Red-violet
2,9-Dichloroquinacridone Bluish-red
5,11-Diehloroquinacridone Orange
Decachloroquinacridone Brown
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Because of the problem of solubility it is necessary to run the
electronic spectra in concentrated sulphuric acid. There is strong
absorption below 400 nm (^ max =297 loge = 5) and three peaks above 
2
500 nm. The visible spectrum shows remarkable similarity to that 
of pentacene (j) which is to be expected from the doubly protonated 
structure of quinacridone (4).
OH
OH
(3) (4)
In strong alkali the absorption bands are shifted to longer wavelengths, 
this being indicative of the completely aromatic structure (5) and
the bathochromic plienolate group.
o e
°©
(5)
Further, there is the possibility of keto-enol tautomerism (structures (l) 
and (6)). In t-butylformamide the spectra of quinacridone itself and
5,12-dimethylquinacridone (N-alkylsubstituted) are identical which
indicates that the compound exists in the lcetomic form, the carbonyl 
absorption at 1625 cm ^ in the infrared spectrum being consistent . 
with this. 5
As has been already mentioned, quinacridones exhibit polymorphism -
for quinacridone itself five different crystal modifications exist
2
ranging in colour from yellowish red to violet. There seems to have
been more conjecture about the lattice orientation than crystallographic
evidence but most authors invoke intermolecular hydrogen bonding between
carbonyl groups and the hydrogen atoms bonded to nitrogen; this being
in the plane of the molecules. The increased solubility of N-alkyl
substituted quinacridones with no such hydrogen bonding is cited as
proof of this.^ Differences in the infrared spectra of the crystal
5
modifications have led Koike / to relate the ,p and forms of 
quinacridone to tautomers (l), (7) and (6) respectively.
Within the last couple of years, the precursors of quinacridones,
the 2,5-diarylaminoterephthalates (and terephthalamides) have also come
5
into use as pigments. These compounds are good organic fluorescing 
materials, unusual because their colour is similar under both daylight 
and ultraviolet light. The range of colours available - yellow, 
orange and red - is indicated in Table 2.
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TABLE 2
Colour of Some Diethyl 2,5 Diarylaminoterephthalate Derivatives
R3» R R,c d Re Colour in Daylight
Ultraviolet
Light
H H N(CHj)2 h H Dark Red Weak Bluish Red
H Cl CH. H
7
h . ; Red Strong Red
CII,
7
H ch- h
:■ ■<' '
CH '
7
Orange Bright Orange
ch7
7
H H H CH-
;■ 7
Yellow Orange Strong Yellow 
Orange
Higher esters, e.g. lauryl esters, and some amides are also of use in
this way. The N^-di-n-butylamide of 2,5-di-p-toluidinoterephthalic 
acid is a yellow solid which fluoresces as a greenish-yellow product.
These materials find uses as pigments in plastics, for printing 
and in paints and other coating materials as both normal and fluorescent 
colourants. They more specifically find use in luminous substances for 
identification by machines such as a franking machine sorting letters.
In these cases a fluorescent light of specific wavelength will trigger 
off a machine on the application of ultraviolet light. A feature of 
these materials is that the fluorescing wavelength differs greatly from 
fluorescing wavelengths of other materials which might be found in 
paper such as bleaching agents. There is the possibility therefore
- 5-
of self pigmenting printing inks giving both colour and fluorescing
properties to the ink, the fluorescence also being in a suitable 
wavelength region ( ^485 nm) since the materials in paper fluoresce 
blue and little contrast is often seen.
As has been stated, quinacridone (l) may be synthesised by the 
cyclisation of 2,5-dianilidoterephthalic acid (2) in a suitable medium, 
the latter may be prepared by the condensation of aniline with 
diethylsuccinyl succinate (8) and subsequent oxidation of the
3,6-dihydrocompound (9).
COOEt
(8)
(1)
PhNH;
4-
,COOEb
(9)
H
V
EtOOC
Condensation is also possible with aliphatic and aromaticdiamines giving
7
straight chain polymeric compounds. Kimura has formed the polyoxyquin- 
acridone (10) by the reaction of diethyl succinylsuccinate with 4»4^“ 
diaminodiphenylether (ll) to give the dihydro intermediate (12). This 
yields polyoxyquinacridone on aroma.tisation and cyclisation.
- 6-
0
In a similar manner, Higashi, Tai and Adachi have formed a 
series of polymers with polyamine structures by the condensation of 
diethyl succinyl succinate with aliphatic diamines such as hexamethylene• 
diamine and octamethylene-diamine. These polymers are not aromatised 
but left in the 3*6-dihydro state. Structure (13) is given for the 
polymer with hexamethylene diamine.
H H
CH3CHACvf^ ^ svK HH (CHX)GNH - 
C02CH,CH5
H XH
(13)
This polymer, which is an orange powder, forms tough and flexible films, 
and gives excellent adhesion to metals and glass.
As can be seen, these compounds,all closely related to
2,5-diamino-terephthalic acid and 2,5-dianilidoterephthalic acid, 
have recently become very important in the pigment and polymer fields.
The interest in rationalisation of their colour is now very pertinent 
in the light of this.
A certain amount of investigation of the colour of these compounds
: 9
and others closely related has already been carried out by Uhlig.
He attempted to relate the structure and colour of 2,5-diaminoterephthalic
acids and their H-substitution products, whilst Smith and Abler ^  have
been concerned with the diaminopyromellitic esters and related compounds.
In this latter paper the presence of colour is discussed in terms of 
resonance forms and for two specific examples - the dimethyl and diethyl
esters of diaminopyromellitic acid- by use of analysis, ultraviolet
and infrared spectral studies, the colour was shown not to arise from 
the presence of diimino compounds nor from molecular compounds (quin- 
hydrones) formed from the diamino and diimino compounds but to be 
intrinsic in the compounds themselves. The authors assumed therefore 
that electronic effects are in operation and that there is some inter­
action between the lone pair electrons on the nitrogen atoms and the 
adjacent ester or acid groups. They also correlated the number of 
possible low energy resonance forms with the colour, saying that at least 
three are needed for a coloured compound because, for example, 5>5-<liamino- 
phthalic acid (14) is colourless.
COOH Coon 9e COOH O e
C OOH C>NDH C''"OH
I <— >
NH*,
©
(14) (14a) (14b)
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They supported the invoking of the nitrogen lone pair with the fact 
that the hydrochloride of the dimethyl ester is colourless and with 
the general observation that oxygen analogues are often colourless 
(oxygen has poorer donor properties) and the acids are less deeply 
coloured than the esters (ionisation of the carbonyl groups would make 
more difficult any type of resonance in which the carbonyl oxygen atom 
acts as an acceptor).
While their assumptions seem generally fairly sound the correlation 
of resonance forms with colour seems very dubious for two reasons. 
Firstly, in the crystalline state other factors such as intermolecular 
hydrogen bonding within the Crystal lattice may well influence the colour 
and secondly in each case one is considering a different compound with 
different sets of energy levels arising out of electronic interactions.
It seems a too far reaching assumption just to consider the total 
number of resonance forms and place these in order as they have done.
Uhlig, however, uses the approach to polysubstituted benzene
derivatives of Doub and Vandenbelt ^  (see later); that of the
electronic spectrum of benzene being modified by various substituents
on the benzene ring. These cause bathochromic or hypsochromic shifts
and if the bathochromic shift is sufficient the secondary band (for
benzene itself in ethanolic solution :A » 254 nm) will be shiftedmax .
partially at least into the visible regions thus giving coloured solids 
and solutions. In the tetrasubstituted benzene derivatives under 
consideration the total bathochromic shift is sufficiently large to do 
this -unless other factors, such as steric hindrance resulting in loss 
of coplanarity of the molecule, come into consideration.
-9-
Uhlig suggests that the acids (15) exist in the ionised form (l6) 
or the hydrogen bonded form (17) in which the interaction of the lone 
pair on the nitrogen atom with the TT-electron sextet of the benzene 
nucleus is hindered by intramolecular hydrogen bonding. His evidence 
is rather flimsy but in a later paper on the H-substituted acids better 
substantiated theories are put forward.
RHN
COOH
f
* NHR
RHN'
COOH
(15) H 0 ^ C^ O
(17)
COOH
Three different structures are proposed corresponding to three classes 
of N-substitution products of 2,5-diaminoterephthalic acid which were 
defined according to the colour of the acids and their corresponding 
esters. These classes are as follows:
1. Yellow acids with red esters.
2. Other acids with red esters.
3. Colourless acids.
From the study of the infrared and electronic spectra of these
compounds and some pK values in aqueous solution the following structures
were postulated for these groups: for group one, using 2,5-bis (p-hydro-
xyethylamino) terephthalic acid as an example^ a structure with both a 
zwitterion and hydrogen bonding was proposed (18).
coo'
NHzCHz CH20H
(18)
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For group two, 2,5-bis-(carboxy-methylamino) terephthalic acid where 
both the acid and diethyl ester are red, a completelyun-ionised form 
is written for the solid state (19) and the mono-zwitterionic form for 
aqueous solution (20).
COOH
x NHCH2C00H
COO©
©
H00CCH2HhK
^ . / N H 2CH2CC0H
HOOCCH.HN"
COOH COOH
(19) (20)
Because the compounds in group three only possess two absorption 
bands in the ultraviolet, and the molar extinction coefficients and 
position of these bands show a close relationship with the di-sodium 
salts of terephthalic acid, the ionised structure (21) was proposed for
2,5-bis-(bis((V -hydroxyethyl)amino) terephthalic acid in combination 
with the hydrogen bonded structure (22). The best description is 
believed to be a combination of these two tautomeric forms.
H0CH2CH;_x  0 x CH2CH2OH 
NH
^  COO0
©ooc
.NH
HOCH2CH2 0
CH2.CH2.OH
H 0CH,CH2^
N 0
^ObCHpH
H0CH2CH2
(21) (22)
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While the postulation of ionised structures is quite consistent 
with the pK values, the inclusion of hydrogen bonding in these structures 
appears quite arbitrary and while in the earlier paper the loss of 
colour on formation of dihydrochlorides was given in support of hydrogen 
bonding, no mention is made of this in the latter paper. Furthermore, 
the nature of the hydrogen bonding must be in question as is shorn for 
anthranilic acid (23) - (25).
0\ ^ 0
(24) (25)
While the last structure provides an easy route to the zwitterion ((26)
*|Q
(28)) and for this reason might be expected, Gordy , in some studies 
on the vibrational band characteristic of the carbonyl linkage for 
various ortho-substituted methyl benzoates, suggested that for methyl 
anthranilate hydrogen bonding might occur.
While this is only for an ester and not the corresponding acid, it 
does point towards the possibility of this type of hydrogen bonding 
taking place, and contradicts Uhlig!s suggestion that no hydrogen 
bonding occurs in the esters. Uhlig proposes in his earlier paper 
that in the red dihydrate of the yellow coloured acid 2,5-bis-(pyridyl- 
(2)-methylamino)-terephthalic acid (29) a similar bonding situation to 
that of the ester pertains in that the water molecules are bound by 
hydrogen bonding to the hydroxyl group and the free electron pair on 
the nitrogen atom would not become influenced and the absorption in 
the visible region should have about the same position as the ester,
which as he suggests exhibits no hydrogen bonding.
NHCHaPu
H7
N H 
RjrCfyNH
(29)
Since anthranilic acid and derivatives and all the compounds under 
consideration contain an amino group adjacent to a carboxylic acid 
group on a benzene ring (50) the anthranilic acids and esters can be
(30)
used as model compounds for the similar 2,5-diaminoterephthalic acid
- 13-
derivatives. The papers by Grararnaticakis ^  and Hunecke.*^ on 
ultraviolet absorption in aromatic amino acids are pertinent to this 
discussion. They found that starting from the parent compounds 
anthranilic acid and its methyl ester, N-alkylation produces a 
bathochromic shift as does N,Itf-dialkylation with the exception of 
N,R-dimethylanthranilic acid for which a large hypsochromic effect is 
observed. They also noted that the absorption spectra of acids and 
esters are virtually equivalent except in the one case, N-N-dimethyl- 
anthranilic acid where the acid absorbs at somewhat shorter wavelengths 
than the ester.
Returning to the theory of Doub and Vondenbelt ^  for polysubstituted 
benzene derivatives, they have suggested that the incremental lengthening 
of the wavelength of absorption maxima on the addition of auxochromes 
to the benzene ring might under certain conditions show additive 
properties. This is to say that the total lengthening of the wavelength 
of absorption might be the sum of the lengthening of absorption due to 
each added chrornophore and that a specific value for this lengthening 
can be assigned to each auxochrome. This assumes that the groups on 
the benzene ring are independent of each other - if they are not then 
the ’new1 auxochrome produced would not be the sum of the parts.
Since anthranilic acid and its derivatives can be used as model
.11
compounds for the title compounds, this approach of Doub and Vondenbelt 
will be made on those compounds forwhich absorption spectra data is 
fairly widespread. This will give an interesting comparison with 
the 2,5-diaminoterephthalic acid derivatives and also give possible 
indications for further investigations.
-14-
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The theory of Doub and Vandenbelt is essentially a valence 
bond approach to the modification of the benzene spectrum by various 
substituents on the ring. The spectrum of benzene itself shows 
two absorptions in the accessible ultraviolet region, a band of 
high intensity at 203.5 and one of low intensity but highly resolved 
between 240 and 260 nm. A third band is usually seen in polysubstituted 
benzene derivatives and this is attributed to bathochromic shift of the 
benzene band at 183*5 nra which is not normally observed using standard 
ultraviolet spectrophotometers.^
These bands are designated first primary, secondary and second 
primary absorptions respectively. Most spectra of benzene derivatives 
correspond to this basic pattern though bands may appear as shoulders, 
thus modifying the appearance of the spectrum.
From the regularity of band displacement (the ratio of displacement 
of secondary and first primary bands is approximately 1.20 in all cases) 
one infers that both bands arise from the same chromopliore and considering- 
corresponding alkyl compounds (e.g. compare aniline and an alkylamine) 
the absorption would not appear to be due to the substituents alone but 
to the combination of the benzene nucleus and its substituents.
From the spectra of mono-substituted compounds a value of A X  
may be measured, A X  being the displacement from the position of the 
equivalent band in benzene itself, the comparison being usually taken 
for the most intense primary band relative to the 203.5 nm band of 
benzene itself.
The approach may be extended to disubstituted compounds but only 
under certain circumstances, that is when the substituents are of 
opposite character to one another there being one ortho and para 
directing substituent and one meta directing substituent on the
- 15-
benzene ring. If this condition is fulfilled the total displacement 
relative to benzene is semiquantitatively the sum of the individual , 
displacements found for each auxochrome in monosubstituted compounds.
If the groups are of the same character the displacement would be 
expected to be less than this sum; good correlation is not found with 
nitro compounds of either class.
The correlation of band displacement by substituents with differential 
polarisability values (Ac) from Hammett’s cr values indicate that the 
effects causing displacement are caused by actual electron transfer by 
a mesomeric or resonance mechanism rather than coulombic displacement 
of electronic mass. Considering the excited state of the benzene 
derivative, substitution which best accommodates charge by resonance 
stabilisation in the excited state of the molecule will result in longer 
wavelength absorption since changes in the stability of the ground state 
can be neglected to a first approximation. In the molecule in the 
excited state two groups of opposite character across the ring will be 
most able to accommodate any charge separation that will occur.
The effects of ionisation on band displacement substantiate this, 
for example a hypsochromic effect is found on protonation of an amino 
group, but sometimes ionisation is associated with a change in character 
of the group. In p-nitrobenzoic acid a weak electron donating effect 
is conferred on the carboxylic acid group by the presence of free 
negative charge and instead of the hypsochromic shift usually associated 
with ionisation a bathochromic effect is observed.
In tri-substituted compounds (31) their spectra often resemble 
those of the component disubstituted compounds defined "constituent 
compounds" (32)
- 16-
which further points towards the importance of charge separation 
between two groups in the excited state, the third group not involved 
in resonance stabilisation contributing little to the stabilisation 
of the excited state, as indicated in possible structures .(33> 34* 35)*
Y ?
(33)
X  i:
Z  T-
Y
(34)
Y t
(35)
In summary, the benzene spectrum is modified by substitution on 
the ring which causes a regular displacement of bands, If the substituents 
are of opposite electronic character then there is a semiquantitative 
displacement in disubstituted compounds. This shift is possibly due 
to the accommodation of charge by the substituents in the excited state^ 
hence stabilising the excited state relative to the excited state of 
benzene itself. In trisubstituted derivatives there is a marked 
resemblance to the spectra of the constituent disubstituted derivatives, 
and presumably a similar mechanism to that for disubstituted derivatives 
is in operation.
DISCUSSION
N-alkyl derivatives of 2,5-diaminoterephthalic acid
-18-
As has been previously mentioned, all the compounds under 
consideration contain the moiety ( 30), hence a study of the absorption 
spectra of N-alkyl derivatives of anthranilic acid and its methyl and 
ethyl esters has been undertaken using these compounds as 'model' 
compounds for the more complex 2,5-diaminoterephthalic acid derivatives 
and to determine the auxochromic effect of carboxyl and amino substituents 
in this particular environment, i.e. ortho to one another on the 
benzene ring. Much of this data were already available in the literature. 
The comparisons have been made using the longest wavelength absorption 
band (secondary band).
If the shift of the secondary band in going from benzene to a mono-
substituted derivative PhX is A\ and that to another monosubstitutedx .
derivative PhY is then if Doub and Vendenbelt's supposition is
correct, the sum of these two shifts should be equal to the shift in
the disubstituted derivative C^H.XY, A \  . -■■.■,6.-4 . * xy
i.e. AA + A\ *=
'. X . y V ■ xy ■.. ■' ■. ( .
Furthermore, the ratio of the shift of the secondary band to the shift 
of the primary band should be approximately equal to 1.20. The results 
are shown in Table 3•
Disregarding the anomalous value for N,N-dimethyl anthranilic acid 
a general trend is very apparent in that the auxochromes individually 
have less effect than when combined in adjacent positions.
TABLE 3
Solvent Ethanol, Shifts in nm
Compound A A Amine AAC00H
(COOCH^j
AAC00H 
• 4A\Amine
Found A/
Anthranilic acid 3° 26 56 79.3
N-methyl ” 40 26 66 99
If ,N-dimethylu " 43 26 69 16
Anthranilic acid, methyl ester 30 26 56 83
IT-methyl u " " i 40 26 66 99
lf,ltf-dimethyl" " " ti 43 26 69 87
It is pertinent to consider the variation of absorption maxima 
of the pairs of similar groups across the ring, that is, also using 
terephthalic acid (and the relevant esters) and the series of p-phenylene 
diamines as model compounds. Doub and Vandenbelt have suggested that 
there is the possibility of the accommodation of charge by these groups 
in the excited state of the molecule. The carboxyl and ester groups 
can be ignored as they remain constant in a series of compounds but the 
phenylene diamine series show modification of absorption maxima with 
N-substitution and the results are tabulated below with the available 
data on the o - and m-isomers (Table 4)*
TABLE 4 '
Solvent Ethanol, Shifts in nm 
Compounds A  A Amine 2 x A  A Amine Found A A
Phenylene diamines £ 30*5 61 39
m 39
£ ■ 56
F-methyl" " 40 80 43
N,N-dimethyl 1 " £ 45 90 40
/,V a . ' 59
: 2- 63
- 20-
As one would expect, the found shifts are less than the calculated 
values since the /two groups being identical have the same directing
is only expected for groups with opposite directing character.
Aside from this there seem to be two opposite effects from N-alkyl 
substitutions\ one producing a hypsochromic effect, the other a 
bathochromic effect. It seems reasonable to suppose that the batho­
chromic effect is due to the + I inductive effect of the added methyl 
groups, whilst the hypsochromic effect is probably due to steric 
hindrance, the interaction of methyl groups with adjacent hydrogens 
on the benzene ring forcing the nitrogen atoms out of the plane of the 
benzene ring and thus reducing interaction between the lone pair orbitals 
of the nitrogen atom and the benzene t t -electron system. In the 
.N,N-dimethyl compounds the inductive effect seems to have become the 
overriding factor. The possibility that steric effects are of importance 
is given further weight by the low red shift for the £ - Njh-dimethyl 
derivative.
Turning to the 2,5~diamino terephthalic acid derivatives, 
preparation of these compounds first involves preparation of non-aromatic 
compounds from the condensation of diethyl succinylsuccinate with the
15
appropriate amine [or ammonium acetate in a melt in the case (36,B=H) U  „
character (o_ and £-directing). The additivity of auxochromic shifts
O N H R
E t O O C
X^COOEt
EtOOC
X  COOEb
->
EtOOC
HHR
COOEt
(8) (36) (37)
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The series of non-aromatic compounds are themselves coloured and the 
absorption maxima in ethanolic solution are given in Table 5*
TABLE 5 
Xmax (log10e) nm
(36) H « H 276 (4.17) 444(3.90)
■■.-=CH 290.5 (4.28) 450(3.76)
= C2ii- 290.5 (4.29) 455 (3.81)
= ch2ch2oh 290 (3.87) 4 5 0 (2.73)
The compounds do not show the characteristic three peaks of the poly­
substituted benzene derivative, instead giving one peak in the region 
275 - 290 nm (diethyl 3-aminocrotonate (38) by comparison absorbs at 
275 mn (log10e = 4 .26)) and one at about 450 nm which is responsible
for the colour of the solution of the compound. This latter band is 
not attributable to oxidised and therefore aromatic material since it
does not correspond to the absorption in the aromatic analogues.
/CO.et NHi H
c —  c ^  Nc = = c  
c4 Vh < 4  x c o z£t
(38)
The original structural assignation of the ammonium acetate 
(39, R = II) and ethanolamine (39> H = CHoCHo0H) condensation products 
is the diimine form
2 2
15
* Isomerisation takes place at room temperature
- 22-
NR
COOEfc
EtOOC
NR
(39)
However, the Infrared spectrum gives two peaks in the 3J-H stretch
corresponding to a secondary amine, for the latter. This, and the 
absorption spectra of all these compounds suggest the di-hydro aromatic
structure assigned to the other products (56). Calculations based
. . . . . . .
on Woodward’s Rules predict for a p-amino-<*, p-unsaturated ester 
of this type an absorption maximum of 277 nm, this being in quite good 
agreement with that found (276 to 290.5nm).
by saponification of the ester with excess of alkali. The absorption 
maxima of these compounds in ethanol solution are tabulated below 
(Tables 6, 7).'
region (3480,3375 cm; corresponding to the presence of a primary 
 amine for the former compound and one peak in the Jff-H region (3340 cm)
p ■ -unsaturated ester 
■<S.» p alkyl substituents
197
20
60p -(ch_)2
277 nm
The compounds (38) are easily oxidised to the 2,5-dialkylamino 
terephthalates (37) and the corresponding acids (40) may be obtained
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TABLE 6
( 37) R = H 
= CH.
-  c2h5
= ch2ch2oh
A max (log.-e) nm
238 (4-44) )
244 (4.30) (Inflexion
243-5 (4.-53) (260-270 nm) 
243 (4.15) ( )
434 (3.69) 
472 (3.55) 
475 (3.57) 
465 (3.29)
(40) K - H- n(a)
= CH_
2
= C2H5
NHR
HOOC
•COOH
NHR
(40)
TABLE 7 
A max (log1Qe) nm
235 (4-16) 249 (3-78)
234 (4.92) 263 (4-55)
(a) In Dimethyl fonnamide
- 414 (2.90)
378 (3.13) 462 (3.05)
370 (4.00) 46O (5.5 3)
With the above H-alkyl esters and acids we see the expected 
bathochromic shifts on alkylation at the nitrogen atoms, but the 
acids produce unexpected results in showing an extra band at ^  570 nm 
and so not giving the expected three bands of the benzene spectrum 
which the other aromatic compounds have shown.
The study of the anthranilic acid derivatives showed that the 
bathochromic shift is greater than that predicted using the individual
-24-
s h i f t s  o f  t h e  a u x o c h ro m e s .  A s  T a b le  8 s h o w s , t h e  e x p e r im e n t a l  v a lu e s  
a r e  c o n s i d e r a b l y  l a r g e r  t h a n  th o s e  c a l c u l a t e d  b u t  b y  t a k i n g  t h e  a c i d  
( o r  e s t e r )  g r o u p  a n d  t h e  a m in o  g r o u p  o r t h o  t o  t h i s  a s  a  s i n g l e  e n t i t y  
f o r  t h e  p u r p o s e s  o f  a u x o c h r o m ic  s h i f t s  t h e n  th e  c a l c u l a t e d  s h i f t s  f o r  
t h e  ’ d o u b l y ’ s u b s t i t u t e d  2 , 5- d i a m i n o t e r e p h t h a l i c  a c i d  d e r i v a t i v e s  a r e  
i n  a g re e m e n t  w i t h  t h e  o b s e r v e d  v a lu e s  t o  w i t h i n  10 ;o . T h is  w o u ld  i m p l y  
t h a t  t h e  tw o  p a i r s  o f  g r o u p s  a r e  r o u g h l y  in d e p e n d e n t  o f  e a c h  o t h e r  a n d  
t h a t  t h e  n a t u r e  o f  t h e  a b s o r p t i o n  i s  s i m i l a r  i n  b o t h  t h e  a n t h r a n i l a t e s  
a n d  2 , 5- d i a m i n o t e r e p h t h a la t e s .
TABLE 8 
( S o lv e n t  E t h a n o l )
C a lc u l a t e d  (n m ) O b s e r v e d  (n m )
1 .2xA /L  +Z*&\. 2.Zx&\
CCCH AHWc AHTHRVJJlATE
Ccoout) ....
2 . 5- d i a m i n o t e r e p h t h a l i c  a c i d  112 159 160 *
2 . 5- d i m e t h y la m i n o t e r e p h t h a l i c  a c i d  1$2 198 2 0 8
D i e t h y l  2 , 5 - d ia r n in o t e r e p h t h a la t e  1 1 2  1 6 6  1 8 0
D i e t h y l  2 , 5 - d ia m i n o t e r e p h t h a la t e  1 3 2  1 9 8  2 1 8
*  , D .M .F ,
F ro m  t h e  a p p e a re n c e  o f  t h e  s p e c t r a  o f  t h e  e s t e r s  i t  w o u ld  a p p e a r  
t h a t  t h e  n a t u r e  o f  t h e  a b s o r p t i o n  i s  s i m i l a r  t o  t h a t  i n  s i m p le r  a r o m a t i c  
c o m p o u n d s , a n d  t h e r e  h a s  i n  f a c t  b e e n  sh o w n  t o  b e  a  r e l a t i o n s h i p  b e tw e e n  
th e  a u x o c h r o m ic  s h i f t s  o f  t h e  a n t h r a n i l a t e s  a n d  t h e  2 , 5- d i a m i n o t e r e p h -  
t h a l a t e s .  H o w e v e r ,  t h e r e  a r e  o t h e r  o b s e r v a t io n s  w h ic h  d o  n o t  f i t  i n  
w i t h  t h e  p a t t e r n  f o u n d  i n m o s t  s im p le  a r o m a t i c  c o m p o u n d s .
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F i r s t l y ,  e v e n  w i t h  t h e  a n t h r a n i l a t e s  i s  l a r g e r
t h a n  e x p e c te d .  T he  l a r g e  b a th o c h r o m ic  s h i f t  o f  t h e  s e c o n d a r y  b a n d  m u s t 
m ean t h a t  t h e  f i r s t  e x c i t e d  s t a t e  i s  r e l a t i v e l y  m u ch  m o re  s t a b i l i s e d  
t h a n  t h e  g r o u n d  s t a t e  b y  t h e  a d d i t i o n  o f  a u x o c h ro m e s .  S e c o n d ly ,  w h i l e  
t h r e e  b a n d s  a p p e a r  i n  t h e  e s t e r  s p e c t r a ,  a  f o u r t h  b a n d  a p p e a r s  i n  t h e  
s p e c t r a  o f  2 , 5- d im e t h y la m in o  -  a n d  2, 5- d i e t h y l a m i n o t e r e p h t h a l i c  a c i d  
i n  a l c o h o l i c  s o l u t i o n .  I t  i s  n o t  k n o w n  w h e th e r  t h i s  i s  d u e  t o  a n o t h e r  
s h o r t  w a v e le n g th  b a n d  b e in g  r e v e a le d  ( a s  t h e  s e c o n d  p r im a r y  i s  r e l a t i v e  
t o  t h e  s p e c t r u m  o f  b e n z e n e  i t s e l f )  o r  w h e th e r  i t  h a s  a  d i f f e r e n t  o r i g i n .  
D oub  a n d  V a n d e n b e l t  h a v e  a c c o u n te d  f o r  b a n d s  i n  t h e  s p e c t r a  o f  t r i s u b ­
s t i t u t e d  co m p o u n d s  b y  t h e  ' c o n s t i t u e n t  c o m p o u n d1 a p p r o a c h  ( p .  16)  a n d  
i n  t h e  l i g h t  o f  t h e  a p p a r e n t  in d e p e n d e n c e  o f  t h e  tw o  p a i r s  o f  a u x o c h r o m ic  
g r o u p s  i t  m ig h t  b e  e x p e c te d  t h a t  th e s e  b a n d s  h a v e  e q u i v a l e n t s  i n  t h e  
c o r r e s p o n d in g  a n t h r a n i l i c  a c i d  d e r i v a t i v e  b u t  n o  e v id e n c e  o f  s u c h
c o r r e s p o n d e n c e  i s  s e e n .  T h is  r u l e s  o u t  t h e  a s s i g n a t i o n  o f  t h e  f o u r t h
b a n d  a p p e a r in g  i n  th e  r e g i o n  350 -  380 nm i n  s u c h  a  w a y .
9 12
O f th e  p r e v io u s  w o r k e r s  i n  t h i s  f i e l d  o n l y  U h l i g  a n d  G o r d y  h a v e  
m ade a  s e r i o u s  a t t e m p t  a t  d e s c r i b i n g  t h e  b o n d in g  s i t u a t i o n  o f  t h e  a d j a c e n t  
c a r b o x y l  a n d  a m in o  g r o u p s ,  t h e  f o r m e r  f o r  v a r i o u s  N - s u b s t i t u t i o n  p r o d u c t s  
o f  2 , 5- d i a m i n o t e r e p h t h a l i c  a c i d ,  t h e  l a t t e r  i n  a  p a p e r  o n  v a r i o u s  c a r b o n y l  
c o m p o u n d s  w i t h  a d ja c e n t  p r o t o n  d o n o r  g r o u p s ,  i n c l u d i n g  a n t h a n i l i c  a c i d .
A b r i e f  d i s c u s s io n  o f  U h l i g ' s  w o r k  h a s  a l r e a d y  b e e n  g i v e n .  O f t h e  
c o m p o u n d s  d e s c r ib e d  a b o v e , 2 , 5- d i e t h a n o l a m i n o t e r e p h t h a l i c  a c i d  ( 41) a n d  
i t s  d i e t h y l  e s t e r  a r e  c la s s e d  a s  b e lo n g in g  t o  g r o u p  o n e  a s  2 , 5- d i a p i i r r o -  
t e r e p h t h a l i c  a c i d  a n d  i t s  d i e t h y l  e s t e r  c a n  b e .  U h l i g  a s s ig n s  t h e  
s t r u c t u r e  sh ow n  o n  th e  b a s i s  o f  i n f r a r e d  e v id e n c e ,  t h e r e  b e in g  b o t h
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coo'
NH2CH2CH20H
hoch2chzi
I I
(41)
1'absorption due to an undissociated carboxyl group (I67O cm” ) and 
ionised carboxyl group (1575 cm )^. The potassium salt also exhibits 
this latter band. However, 2,5-dimethylamino and 2,5-diethylamino- 
terephthalic acid would appear to have to be placed in group two.
In alcoholic solution these acids have four absorption bands in the 
ultraviolet and visible regions as is found for the mono ethyl ester 
of 2,5-diethanolaminoterephthalic acid (42) which shows the two long
COOH
/^^NHCH2.0H20H
HOCH^CH^HN
COOEt
coo;
NH2CH2.CH2.OH
H 0 C H zCH2HK1
COOEt
wavelength bands 392 nm and 466 nm with log^e = 3»39>3*49 respectively. 
The mono-zwitterionic form (43) is postulated in aqueous solution, there 
being tautomerism between the two forms (42) and (43)* In the solid
there is no appearance of ionised carboxyl absorption.
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The mode of hydrogen bonding suggested is contrary to that 
suggested by Gordy for methyl anthranilate (44) from the shifts in 
carbonyl absorption in the infrared. However, while this behaviour
CH*
(44)
may be possible in the esters of these acids, the evidence is against 
it in the acids themselves as the following comparison shows (Table 9)
TABLE 9
Frequency of Carbonyl Absorption, cm *
Benzoic acid 1680-90
Terephthalic acid 1680
Anthranilic acid 1670
2.5-diaininoterephthalic acid 1680
2.5-dimethylaminoterephthalic acid 1680
2.5-diethylaminoterephthalic acid 1680-90
2.5-diethanolaminoterephthalic acid 1680
* Hujol mull
In the corresponding esters there is a shift to lower wavenumber 
from the absorption in ethyl benzoate, which indicates the possible 
weakening of the carbonyl bond by hydrogen bonding (Table 10):
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TABLE 10
F re q u e n c y  o f  C a r b o n y l  A b s o r p t i o n , *  c n T1
+ -1
E t h y l  b e n z o a te  1 7 2 0  cm
D i e t h y l  2 , 5 - d i a m i n o t e r e p h t h a la t e  1 6 8 0  cm"1
-1
D i e t h y l  2 , 5 - d i m e t h y la m in o t e r e p h t h a la t e  1 6 8 0  cm
D i e t h y l  2 , 5 - d i e t h y l a m i n o t e r e p h t h a la t e  1 6 8 0  cm"1
-1
D i e t h y l  2 , 5 - d i e t h a n o l a m i n o t e r e p h t h a la t e  1 6 7 5  cm
*  H u jo l  m u l l
■
L i q u i d  f i l m
H o w e v e r ,  t h e  P .M .R .  s p e c t r u m  o f  d i e t h y l  2 , 5 - d ia m i n o t e r e p h t h a la t e  
( i n  C C l^ )  sh o w s  n o  e v id e n c e  o f  h y d r o g e n  b o n d in g .  T he  c h e m ic a l  s h i f t  
o f  t h e  a m in o  p r o t o n s  i s  5*2 , a n d  t h e r e  i s  n o  d e s h i e l d i n g  o f  o n e  o f  th e m , 
a s  e x p e c te d  t o  r e s u l t  f r o m  h y d r o g e n  b o n d in g .  F u r t h e r ,  t h e  c a r b o n y l  
a b s o r p t i o n  o f  t h e  d i e s t e r  ( i n  C C l^ )  i n  t h e  i n f r a r e d  i s  o b s e r v e d  a t  
1710 c m "1 .
B y  c o m p a r is o n ,  t h e  P .M .B .  s p e c t r u m  o f  d i e t h y l  2 , 5 - d i h y d r o x y t e r e p h -  
t h a l a t e  sh o w s  t h r e e  p e a k s  a s s ig n a b le  t o  p h e n o l i c  p r o t o n s ,  t h e  tw o  lo w  
f i e l d  s i n g l e t s  ( - 0 . 1  , - 2 . 2  )  a r e  d u e  t o  h y d r o g e n  b o n d in g .  A  f u r t h e r  
f e a t u r e  o f  t h e  s p e c t r u m  i s  t h e  n o n - e q u iv a le n c e  o f  t h e  s i g n a l s  d u e  t o  
t h e  e s t e r  g r o u p s .  F o r  t h e  tw o  m e t h y l  g ro u p s ,  tw o  p a r t i a l l y  s u p e r im p o s e d  
t r i p l e t s  a r e  f o u n d ,  a n d  f o r  t h e  m e th y le n e  g r o u p s  tw o  p a r t i a l l y  s u p e r im p o s e d  
q u a r t e t s ,  p r e s u m a b ly  d u e  t o  t h e  h y d r o g e n  b o n d e d  a n d  n o n - h y d r o g e n  b o n d e d  
s i t u a t i o n s .  'T h is  n o n - e q u iv a le n c e  i s  n o t  s e e n  f o r  d i e t h y l  2 , 5 - d ia m in o ­
t e r e p h t h a l a t e  b u t  i s  s i m i l a r  t o  t h a t  o b s e r v e d  f o r  some N - a r y l  s u b s t i t u t i o n  
p r o d u c t s  o f  t h i s  c o m p o u n d  ( s e e  l a t e r )  w h e re  t h e  sam e s p l i t t i n g  p a t t e r n  
i s  fo u n d  f o r  t h e  e s t e r  g r o u p s .  T he  n o n e q u iv a le n c e  i s  s u b s t a n t i a t e d  i n
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the infrared where two peaks are observed in the carbonyl region (l724»
-11675 cnT ) for the phenolic ester but not for the amine. Hydrogen 
bonding has also been shown to exist in dimethyl 2 ,5-dihydroxy-3  
dichloroterephthalate (45) in CCl^ solution but no P.M.R. data on this
compound is available 17
cooch3
COOCH3
The authors suggest that in solution the three hydrogen bonded 
forms (46) - (48) are in equilibrium thus:
. .. CH30 \ c / C H j<Kc
° S H ^ °
(46)
°, J3 
(47)
OCH:
From a study on the variation of the absorption maximum of the secondary 
band in mixtures of chloroform and ethanol they came to the conclusion 
that to a first approximation in chloroform the hydrogen bonded form (46) 
exists and in ethanol (48) predominates. In carbon tetrachloride the
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maximum is at 400 nm, in ethanol 55° nm. It appears, then, that the 
hydrogen bonding between the phenol group and the carbonyl oxygen of 
the ester group has a greater bathochromic effect that the alternative 
bonding between the phenol and chlorine.
The absorption maxima of the secondary bands of the N-alkyl 
terephthalates in ethanol and carbon tetrachloride are tabulated below 
for comparison (Table ll):
■A- rfA B L E  11
CC1 EtOH
Diethyl 2,5-diaminoterephthalate 406 (3*82) 454 (3•^9
Diethyl 2,5-dimethylaminoterephthalate 386 (3*46) 472 (3*55)
Diethyl 2,5-diethylaminoterephthalate 386 (3.52) 475 (3•57
Here the effect of solvent is reversed, there being a large 
hypsochromic shift of the secondary band in carbon tetrachloride. It 
has already been shown that hydrogen bonding is absent in diethyl
2 .5-diaminoterephthalate in carbon tetrachloride solution, but it seems 
possible that hydrogen bonding does occur in ethanol solution.
T h e  a b s o r p t io n  m a x im a  o f  t h e  s e c o n d a r y  b a n d s  o f  t h e  c o r r e s p o n d in g  
a c id s  i n  v a r i o u s  s o l v e n t s  a r e  g i v e n  b e lo w  ( T a b le  1 2 ) :
TABLE 12
A (lognne) m ax v ° 1Q 7
E tO H  D.M.F. H20 lyi ITaOH N HC1 3N HC1
2 . 5- d i a m in o t e r e p h -
thalic acid - 414(2.90) - 364(3.21) 364(3*42) 356(2.69)
2.5-dimethylamino-
terephthalic acid 462(3.05) 442(3.12) 358(3-35) 384(3-32) 392(3-55) -
2.5-diethylamino-
terephthalic acid 460(3.53) 450(3-40) 350(4.16) 362(3.46) 392(3.34) 390(2.70)
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T he  q u e s t i o n  a r i s e s  a s  t o  t h e  n a t u r e  o f  t h e  f a c t o r s  c a u s in g  t h i s  
s h i f t  i n  t h e  a b s o r p t i o n  m a x im a . I n  a c i d  a n d  a l k a l i n e  s o l u t i o n s  c h a r g e d  
s p e c ie s  w i l l  b e  e x p e c te d  t o  c h a n g e  th e  a b s o r p t i o n  m a x im a  s in c e  we a r e
t h e n  d e a l i n g  w i t h ,  f o r  t h e  p u r p o s e s  o f  a b s o r p t i o n  s p e c t r o s c o p y ,  a  
d i f f e r e n t  c o m p o u n d . S in c e  th e  a b s o r p t i o n  p o s i t i o n  i s  r e l a t e d  t o  t h e  
e n e r g y  r e q u i r e d  t o  e x c i t e  a n  e l e c t r o n  f r o m  t h e  g r o u n d  s t a t e  t o  a n  e x c i t e d  
s t a t e  i n  th e  m o le c u le ,  a l t e r i n g  th e  e l e c t r o n i c  n a t u r e  o f  t h e  g r o u n d  s t a t e  
i s  o b v i o u s l y  g o in g  t o  m o d i f y  t h e  a b s o r p t i o n .  I f  t h e  g r o u n d  s t a t e  i s  n o t  
c h a r g e d ,  c h a r g e  s e p a r a t io n  o n  e x c i t a t i o n  o f  a n  e l e c t r o n  i n t o  a  h i g h e r  
e n e r g y  l e v e l  a n d  t h e  s t a b i l i s a t i o n  o f  t h i s  c h a r g e  b y  d e l o c a l i s a t i o n  o v e r  
t h e  m o le c u le  a n d  t h e  s o l v e n t  b e in g  u s e d  a r e  g o in g  t o  d e te r m in e  t h e  e n e r g y  
n e e d e d  f o r  t h e  t r a n s i t i o n  a n d  h e n c e  t h e  p o s i t i o n  o f  t h e  a b s o r p t i o n  m a x im u m .
I n  t h e  p h e n o l i c  c o m p o u n d  ( 45)>  t h e r e  i s  a  d i f f e r e n t  m ode o f  h y d r o g e n  
b o n d in g  d e p e n d e n t  o n  t h e  s o l v e n t  u s e d  b u t  t h i s  i s  n o t  t h e  o n l y  w a y  i n  
w h ic h  a  s o l v e n t  m ay a f f e c t  t h e  e l e c t r o n i c  a b s o r p t i o n  s p e c t r u m .  T he  
d i e l e c t r i c  c o n s t a n t  o f  th e  l i q u i d  w i l l  b e  o f  g r e a t  im p o r t a n c e  i n  s t a b i l i s i n g  
t h e  e x c i t e d  s t a t e  w h e re  s e p a r a t io n  o f  c h a r g e  i s  o c c u r r i n g .  W h i le  t h e  
h y d r o g e n  b o n d in g  t o  t h e  c a r b o n y l  g r o u p  i s  t h e  o n l y  f o r m  l i k e l y  i n  t h e  
a m in o t e r e p h t h a la t e s  a n d  t h u s  d i f f e r i n g  f r o m  th e  s i t u a t i o n  i n  ( 45)$ ih e  
l a r g e  s h i f t  i n  c h a n g in g  f r o m  e t h a n o l  t o  c a r b o n  t e t r a c h l o r i d e , tw o  l i q u i d s  
w i t h  w id e l y  d i f f e r i n g  d i e l e c t r i c  c o n s t a n t s  (E tO H  = 14.3> CCl^ = 2.24)» 
d o e s  p o i n t  to w a r d s  t h e  p o s s i b i l i t y  o f  s t a b i l i s a t i o n  o f  c h a r g e  i n  t h e  
e x c i t e d  s t a t e  b e in g  a n  i m p o r t a n t  f a c t o r  i n  t h i s  d i s c u s s io n .
T h e  s h i f t  i n  C C l^  i s  so  l a r g e  t h a t  t h e  N - m e t h y l  a n d  N - e t h y l  e s t e r s  
( T a b le  l l )  b e com e  a lm o s t  c o l o u r l e s s  i n  t h a t  s o l v e n t .  .T h a t t h e  e f f e c t  
a p p e a r s  t o  b e  l a r g e r  w i t h  N - a l k y l  s u b s t i t u t i o n  p o i n t s  to w a r d s  t h e  r e m o v a l  
o f  some s t a b i l i s i n g  i n f l u e n c e  w h ic h  t h e  a l k y l  s u b s t i t u t i o n  m ig h t  h a v e
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i n  t h e  e x c i t e d  s t a t e ,  t h e  e f f e c t  o f  s t e r i c  h in d r a n c e  n o w  "b e c o m in g  m o re  
i m p o r t a n t .  T h is  w o u ld  c e r t a i n l y  b e  s o  f o r  t h e  f o r m a t i o n  o f  fo r m s  s u c h  
a s  ( 49) ( 50) *  p o s s i b l y  im p o r t a n t  i n  t h e  e x c i t e d  s t a t e .
1 ~ 
° ^ °
/ N H R
-^C
&
(49)
C,H<f
RHN
eCT
4
CZHS
(50)
C o n v e r s e ly ,  h y d r o g e n  b o n d in g  p r o v id e s  a n  e a s y  r o u t e  t o  t h e  n o n ­
c h a r g e d  s p e c ie s  ( 51)  ( 52) .
ji 4.
(51) (52)
T he  l o w e r i n g  o f  t h e  e n e r g y  d i f f e r e n c e  b y  h y d r o g e n - b o n d in g  w o u ld  b e  
e x p e c te d  t o  b e  g r e a t e r  f o r  t h e  m o re  a c i d i c  s e c o n d a r y  a m in e s ;  t h i s  i s  
b o r rP  o u t  b y  t h e  r e s u l t s  f o u n d .  We a r e  l e f t  t h e n  w i t h  tw o  p o s s i b l e
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e f f e c t s :  h y d r o g e n  b o n d in g  a n d  s t a b i l i s a t i o n  o f  e x c i t e d  s t a t e s  b y  t h e
c h a n g e  o f  s o l v e n t .  W i t h  t h e  l i m i t e d  d a t a  i t  i s  im p o s s ib le  t o  d ra w  
c o n c r e t e  c o n c lu s io n s .  M o re  w o r k  o n  t h e  t o p i c  w o u ld  n o  d o u b t  b e  m o s t 
f r u i t f u l  i n  r e a c h in g  a  s a t i s f a c t o r y  c o n c l u s io n .
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DISCUSSION
N - a r y l  d e r i v a t i v e s  o f  2 , 5 - d i a m i n o t e r e p h t h a l i c  a c i d
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H - P h e n y l  a n t h r a n i l i c  a c i d  ( 53)  soay b e  c y c l i s e d  i n  h o t  c o n c e n t r a t e d
s u l p h u r i c  a c i d  t o  f o r m  t h e  c y c l i c  c o m p o u n d  a c r id o n e  ( 54)  b y  t h e  r e m o v a l
1 8
o f  t h e  e le m e n ts  o f  w a t e r  a n d  i n  a  s i m i l a r  m a n n e r  t h e  p ig m e n t  q u i n a c r i -
d o n e  ( l )  m ay b e  s y n t h e s is e d  b y  t h e  c y c l i s a t i o n  i n  a  s u i t a b l e  m e d iu m  o f
22 , 5- d i a n i l i n o t e r e p h t h a l i c  a c i d  ( 2)  .
H
C.H^ 04- ■ y
■>
(2) (1)
S e v e r a l  2 , 5 - d i a r y l a m i n o t e r e p h t h a l i c  a c i d s  a n d  t h e i r  e s t e r s  ( 5 5 )  
h a v e  b e e n  p r e p a r e d ,  t h e  e s t e r s  b e in g  fo r m e d  b y  c o n d e n s a t io n  o f  t h e  
a p p r o p r i a t e  a m in e  w i t h  d i e t h y l  s u c c i n y l s u c c i n a t e  a n d  th e  a c i d s  b y
s a p o n i f i c a t i o n  o f  t h e  e s t e r s  w i t h  c a u s t i c  s o d a .
COOEt
( 5 5 )  H
EtOOC
T h e  o r i g i n a l  d e s c r i p t i o n s  o f  th e s e  e x p e r im e n t s  p o s t u l a t e d  t h e  
f o r m a t i o n  o f  a n  i n t e r m e d ia t e  d ih y d r o a r o m a t ie  c o m p o u n d , a s  i s  t h e  c a s e  
w i t h  t h e  c o n d e n s a t io n  o f  a l k y l  a m in e s  w i t h  d i e t h y l  s u c c i n y l s u c c i n a t e ,  
b u t  f o l l o w i n g  th e  e x p e r im e n t a l  p r o c e d u r e  g i v e n  , t h e  c o m p o u n d s  seem  t o  
h a v e  b e e n  a r o m a t is e d  i n  s i t u .  A n a l y t i c a l l y  p u r e  s a m p le s  o f  t h e s e  
p r o d u c t s  ( r e c r y s t a l l i s e d  t o  c o n s t a n t  m e l t i n g  p o i n t )  g a v e  e le m e n t a l  
c o m p o s i t io n s  c o n s i s t e n t ,  w i t h i n  t h e  a l lo w e d  e x p e r im e n t a l
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error, with the fully aromatised structure. It was found that with 
the o.-, m- and £- toluidine derivatives such samples gave mehing points 
at variance with the original workers1 values. Since the same melting 
point is quoted for both diethyl 2,5-di-£-toluidino terephthalate (5&) 
and diethyl 2,5-di-o>-toluidino-3»6-dihydroterephthalate (57) (131°)^ 
incorrect assignation of these structures seems a distinct possibility 
as the expected differences in quantitative elemental analysis are small 
and may have been cloaked by assumed experimental error.
A full study o f  the m-toluidine condensation product showed the
H
CH;
EtOOC'
CH.
EtOOC
(56) (57)
compound to have a P .M .R .  spectrum, mass spectrum and analysis consistent 
with the fully aromatised structure. While the analysis figures are 
within the allowed bounds of experimental error for both the aromatised 
and non-aromatised structures (fable 13)* the mass spectrum shows the 
molecular ion at m/e = 432 (molecular weight for ®  2 6 ^ 2 ^  2 ®  4* aromatised 
compound = 4 3 2 )  and the P .M .R . spectrum is consistent with the fully 
aromatised structure, in that there is no signal from the methylene 
protons of the dihydro compound, but a singlet at 2.01 due to the two 
isolated aromatic protons on the central ring. The imino groups give 
signals at 1 .5 and 6 .8 with a combined intensity equivalent to two 
protons. These signals are therefore assigned to hydrog-en bonded and 
free amino protons respectively. (Pig. 1» page 39)* The P.M.R. spectra of the
-■37-
TABLE 15
Biethyl 2,5-di-m-toluidinoterei)hthalate
Calculated Pound
26 50 2 4 26 28 2 4-
71.89 72.22
S.91 6.48
3.45 6.48
C 72.11
H 6.63
N 6.60
aniline and o-toluidine derivatives are similar except that the 
carbethoxy groups are shown to be non-equlvalent and existing approxi­
mately equally in different environments. There is only very slight
evidence of this in the m-toluidine product. This unusual behaviour 
has already been noted in diethyl 2,5-dihydroxyterephthalate, and is 
attributed to the compounds being mixtures of hydrogen-bonded and
non-bonded forms. (See Pig. 2, page 39)
Using the same method as for the 2,5-dialkylaminoterephthalates, 
the expected absorption maxima of the secondary bands for these compounds 
can be estimated by the approach of Doub and Vendenbelt, using measured 
auxochromic shifts and predicting the absorption in complex molecules 
by summation of such shifts. In the model compound IT-phenylanthronilic 
acid (55)> the estimated position of the secondary band is J l 6 nm. ,
This is calculated from the observed secondary band positions in
diphenylamine (\ = 286 nm, log1Ae = 4.35) and benzoic acid (>\ =max i.u max
284 nm, logn„6 = 2.84 ) relative to benzene ( A  = 254 nm) in alcoholic °10 ' max '
solution. Prom this we can calculate the estimated band position;
Expected shift for (53) - 82 nm 
Observed shift for (53) = 94 nm
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As is found with the alkylamines, the bathochromic shift is much 
larger than that predicted by calculation. However, taking the observed 
shift for N-phenylanthranilic acid and doubling it gives a value very 
close to the shift found for 2,5-dianilinoterephthalic acid (194 
again similarly observed in the alkyl derivatives and suggesting that 
the two pairs of groups, while interacting with each component within 
the pair are more or less independent of the pair across the ring and 
that a similar bonding situation exists in both the di- and tetra- 
substituted aromatic compounds.
Changing to dimethyl formamide to allow for a consistent solvent 
system, (quinacridone, insoluble in most organic solvents, was found 
to be conveniently soluble in dimethyl formamide) a comparison can be 
made between acridone (the cyclisation product of N-phenyl anthranilic 
acid) and quinacridone itself (the cyclisation product of 2,5-dianilino- 
terephthalic acid). Cyclisation of N-phenyl anthranilic acid shifts 
the longest wavelength band by 46 nm and if cyclisation; of 2,5-dianilino­
terephthalic acid gives a comparable bathochromic shift then cyclisation 
to form the two rings fused on each side of the central aromatic ring 
would be expected to give a shift twice that found with acridone, 
i.e. 92 nm. The observed value is J o nm (see Table 14) which further 
points to the similarity between the two sets of compounds.
TABLE 14
*A (log-nG) nm Solvent: Dimethyl Formamidemiax xu '
A/\. cyclisation 
 nm
N-phenyl anthranilic acid 348(3*77) acridone: 394(4*20) 46
2,5-dianilinoterephthalic acid 43&(3*3i) quinacridone: 532(4*77) 92
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I t  i s  p e r h a p s  n e c e s s a r y  t o  j u s t i f y  t h e  u s e  o f  t h e  same m e th o d  o f  
r e g a r d in g  t h e  c e n t r a l  a r o m a t i c  r i n g  a s  t h e  c h ro m o p h o re  f o r  th e s e  a r y l  
s u b s t i t u t e d  a m in e s  s in c e  we c a n  r e g a r d  t h e  s u b s t i t u t e d  b e n z e n e  r i n g  a s  
a  c h ro m o p h o re  i n  i t s  ow n r i g h t .  H o w e v e r ,  s in c e  we a r e  i n t e r e s t e d  i n  t h e  
a b s o r p t i o n  d u e  t o  t h e  s e c o n d a r y  b a n d ,  i . e .  t h e  l o n g e s t  w a v e le n g th  
a b s o r p t i o n ,  t h e  m o n o - s u b s t i t u t e d  b e n z e n e  r i n g  ( a n d  d i - s u b s t i t u t e d  i n  
t h e  c a s e  o f  t h e  o ^ m - a n d  j a - t o l u i d i 'n e  c o n d e n s a t io n  p r o d u c t s )  i s  n o t  l i k e l y  
t o  b e  t h e  c a u s e  o f  s u c h  lo n g  w a v e le n g th  a b s o r p t i o n ,  e . g .  d ip h e n y la m in e  
h a s  i t s  s e c o n d a r y  b a n d  a t  2 8 6  nm . T h is  a rg u m e n t  i s  f u r t h e r  b o r n e  o u t  
b y  t h e  s i m i l a r  a b s o r p t i o n  o f  H - p h e n y l  a n d  N - m e t h y l  a n t h r a n i l i c  a c i d  a t  
34® a n d  3 5 3  r e s p e c t i v e l y .  T h is  s i m i l a r i t y ,  a l s o  fo u n d  i n  c o m p a r in g  
t h e  N - a l k y l  a n d  H - a r y l  s u b s t i t u t i o n  p r o d u c t s  o f  2 , 5- d i a m i n o t e r e p h t h a l i c  
a c i d ,  s u g g e s ts  t h a t  t h e  r e a s o n s  f o r  t h i s  l i g h t  a b s o r p t i o n  a r e  o f  a  
s i m i l a r  n a t u r e  i n  b o t h  s e t s  o f  c o m p o u n d s .
The  l i g h t  a b s o r p t i o n  o f  t h e  2 , 5 - d i a r y l a r a i n o t e r e p h t h a l i c  a c id s  a n d  
t h e i r  d i e t h y l  e s t e r s  p r e p a r e d  a r e  t a b u l a t e d  b e lo w  ( T a b le s  15»  1 6 )
TABLE 15
A  ( l o g '  e) E tO H  S o lv e n t  m ax v /’
COOEt
COOEt
R = a n i l i n o
= m - t o l u i d i n o
= ] > - t o l u i d i n o
o - t o l u i d i n o
233 (4.08) 302 (4.47) 465 (3-26)
235 (3-57) 295 (4.n) 470 (3.17)
236(3.31) 313(3.89) 470(3.19)
256 (4.27) 303 (4.23) 475 (3.51)
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T A B U i 16
(loe10e V Et0H Solvent
COOH
NHfl
RHN
COOH
H = a n i l i n o  234 (4.01) 323 (4.08) 448 (3.40)
= o - t o l u i d i n o  P e a k  h id d e n  321 (3.64) 438 (2.97)
= m-toluidino 233-5 (4.15) 324 (4.18) 445 (3.50)
= j D - t o l u i d i n o  234 (3-97) 317 (4.05) 435 (3.27)
W it h  t h i s  s e r i e s  o f  c o m p o u n d s , t h e  a c id s  a g a in  sh o w  f a i r l y  d i f f e r e n t  
a b s o r p t i o n  f r o m  t h a t  o f  th e  e q u i v a l e n t  e s t e r ,  t h e  b a n d  i n  t h e  v i s i b l e
r e g i o n  s u f f e r i n g  a  h y p s o c h r o m ic  s h i f t  o f  b e tw e e n  17 t o  35 nm i n  c o m p a r is o n  
w i t h  t h e  e s t e r .  U n l i k e  t h e  W - a l k y l  a c id s  t h e r e  i s  n o  f o u r t h  a b s o r p t i o n  
b a n d  n o r  i s  t h e r e  a n y  g r e a t  v a r i a t i o n  b e tw e e n  t h e  v a r i o u s  p r o d u c t s .  
H o w e v e r ,  t h e  a n i l i n o  a n d  m - t o l u i d i n o  c o m p o u n d s  do  g e n e r a l l y  a b s o r b  a t  
s l i g h t l y  l o n g e r  w a v e le n g th  th a n  t h e  o_- a n d  j D - t o l u i d i n o  c o m p o u n d s .
Vie h a v e  s e e n  t h a t  t h e r e  i s  e v id e n c e  o f  h y d r o g e n  b o n d in g  i n  t h e
e s t e r s  f r o m  th e  p . m . r .  s p e c t r a .  I n f r a r e d  s t u d i e s  i n  C C l^  s o l u t i o n  sh o w  
a b s o r p t io n s  a t  I 08I  a n d  1661 cm ^  o f ,  f o r  e x a m p le ,  d i e t h y l  2 , 5- d i a n i l i n o ~  
t e r e p h t h a l a t e >th e s e  b e in g  a t t r i b u t e d  t o  t h e  f r e e  a n d  b o n d e d  c a r b o n y l  
g r o u p  r e s p e c t i v e l y  ( T a b le  1 7 ) •  M o r e o v e r ,  i n  t h e  N -H  s t r e t c h i n g  r e g i o n
t h e r e  i s  a  lo w  f r e q u e n c y  b r o a d e n e d  b a n d  c h a r a c t e r i s t i c  o f  a  b o n d e d  H .
-42-
TABLE 17 
COOEt
iHR
RHN
COOEfc
H-1I Stretch C = 0 Stretch
K = anilino 3344; 3236, 3175 to, w 1681,1661
o-toluidino 3344; 3257, 3175 to, v 1689, 1650
m-toluidino 3344; 3257, 3155 br, w 1681, l645w
= £-toluidino insufficiently soluble in CCl^
Dilution of the solution had no effect on the frequency of absorption 
of the K-H stretch and carbonyl stretch absorption bands, which implies 
that the hydrogen bonding is intramolecular in nature. If some or all 
of the hydrogen bonding were intermolecular a shift in absorption would 
be expected on dilution. Further, variable temperature p.m.r. studies 
between -20° and +50° on diethyl 2,5-dianilinoterephthalate showed that 
the hydrogen bonding is independent of temperature within this range.
This also supports the supposition that the hydrogen bonding is intra­
molecular, because if it were not the hydrogen bonding would be expected 
to be reduced on increasing the temperature as a result of increased 
molecular motion.
Comparison of the absorption spectra in CCl^ and EtOH given below 
(Table 18) shows that the absorption in both solvents is similar, unlike 
the case of the N-allcyl esters where there is a large shift in absorption 
between the two solvents. Evidently in this case the bonding situation 
is similar in both solvents.
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TABLE 18
A (iogine )m ax v ° 1 0  '
E tO H  CC1
R = a n i l i n o
m - t o l u i d i n o
o - t o l u i d i n o
465 (3.26) 474 (3,3'6)
470 (3.17) 476 (3.45)
470 (3-19) 475 (3*37)
= £ - t o l u i d i n o n o t  s u f f i c i e n t l y  s o l u b le  f o r  c o m p a r is o n
I n  th e  c r y s t a l l i n e  s t a t e  th e  e s t e r s  a r e  b r i g h t  r e d  i n  c o l o u r  e x c e p t  
f o r  t h e  £ - t o l u i d i n e  p r o d u c t  w h ic h  i s  o r a n g e .  T h e s e  c o m p o u n d s  m ig h t  
a l s o  b e  e x p e c te d  t o  show  e v id e n c e  o f  h y d r o g e n  b o n d in g  i n  t h e  c r y s t a l l i n e  
s t a t e .  T h a t  t h i s  i s  s o ,  i s  sh o w n  b y  t h e r e  b e in g  tw o  b a n d s  i n  th e  
c a r b o n y l  r e g i o n  i n  t h e  i n f r a r e d .  ( T a b le  1 9 )
i n  t h e  B -H  s t r e t c h  r e g i o n  b o t h  t h e  s h a r p  a n d  b r o a d e n e d  a b s o r p t i o n  
i s  o b s e r v e d  w h ic h  c a n  b e  a t t r i b u t e d  t o  f r e e  a n d  b o n d e d  N -H .
A s i m i l a r  s i t u a t i o n  h o ld s  f o r  t h e  c o r r e s p o n d in g  a c i d s ,  a l t h o u g h  
th e  p o s s i b i l i t i e s  f o r  h y d r o g e n  b o n d in g  a r e  c o m p l ic a t e d  b y  t h e  p r e s e n c e  
o f  t h e  h y d r o x y l  g r o u p  o f  t h e  a c i d  f u n c t i o n .  B o th  t h e  h y d r o x y l  a n d
TABLE 19
1
D i e t h y l  2 , 5 - d i a n i l i n o t e r e p h t h a l a t e
11
11
11 2 , 5 - d i - o - t o l u i d i n o t e r e p h t h a l a t e
2 , 5 - d i - m - t o l u i d i n o t e r e p h t h a l a t e
2 , 5 - d i - £ - t o l u i d i n o t e r e p h t h a l a t e
1 6 8 5 ,  1 6 6 0  
1 6 8 5 ,  1 6 6 0  
1 6 7 5 ,  1 6 5 0  
1 6 8 0 ,  1650
T he  a b s o r p t io n  i s  s i m i l a r  t o  t h a t  i n  C C l ^ s o lu t i o n  ( T a b le  17) F u r t h e r
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secondary amine function are possible proton donors (58, 59)• rfhe
H
(58) (59)
carbonyl absorption is lower than would be expected for a free carbonyl 
group and in some cases the two peaks observed with the esters are again 
seen in the corresponding acid (Table 20). The . WH absorption gives a 
sharp peak which rules out bonded OH absorption which would be broadened 
by the hydrogen bonding.
TABLE 20 
“1
Vmax cm (Nujol mull) .. ■
. . . - G=0 NH
Benzoic acid -
L-phenylanthranilic acid 1655 5300
2.5-dianilinoterephthalic acid 1665 5400
2.5-di-£-toluidinoterephthalic acid 1665, 1650 5400
2.5-di~m-toluidinoterephthalic acid 1665, I65O 5400
2 .5-di-£-toluidinoterephthalic acid I665 5400
In the p.m.r. spectra of 2,5-d.i-m- and 2,5-di-£-toluidinoterephthalic 
acid in dg-D.fo.S.O. no signals assignable to the 0-H or N-H protons are 
observed. This may be due to one or more of the following: they may be 
hidden by other signals or solvent peaks, too broad to be observed
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( h y d r o g e n  b o n d in g  w i l l  t e n d  t o  g i v e  b r o a d e n e d  p e a k s )  o r  t h e  w a t e r  p r e s e n t  
i n  b .M .S .O .  m ay c a u s e  e x c h a n g e .
R e t u r n in g  t o  t h e  e s t e r s ,  th e  p r o b le m  o f  r a t i o n a l i s a t i o n  o f  th e  
h y d r o g e n  b o n d in g  i n  th e s e  c o m p o u n d s  i s  m ade e a s i e r  b e c a u s e  i t  m u s t  i n v o l v e  
t h e  N -H  p r o t o n s ,  a n d  t h e r e  i s  n o t  t h e  p r o b le m  o f  d i s t i n g u i s h i n g  b e tw e e n  
t h e  a m in o  a n d  h y d r o x y l  p r o t o n s .  F ro m  th e  i n t e g r a t i o n  o f  p . m . r .  s i g n a l s  
t h e  r a t i o  o f  f r e e  t o  h y d r o g e n - b o n d e d  p r o t o n s  m ay b e  fo u n d .  I n  t h e  c a s e  
o f  d i e t h y l  2 , 5 - d i - m - t o l u i d i n o t e r e p h t h a l a t e  t h e  c o m p o u n d  seem s t o  b e  
a lm o s t  t o t a l l y  i n  t h e  h y d r o g e n - b o n d e d  f o r m  a n d  t h e  e s t e r  g r o u p s  a r e  
e q u i v a l e n t . W i t h  d i e t h y l  2 , 5 - d ia n i l in o * >  a n d  d i e t h y l  2 , 5 - d i - o t o l u i d i n o -  
t e r e p h t h a l a t e  th e  e s t e r  g r o u p s  a r e  n o n - e q u i v a le n t  b u t  t h e  f r e e  N -H  fo r m  
p r e d o m in a te s  ( T a b le  2 1 ) .
TABLE 21 
p . m . r .  ( C C l^ )
F r e e  EH B o n d e d  R a t i o : - F r e e : B o n d e d  
D i e t h y l  2 , 5 - d i a n i l i n o t e r e p h t h a l a t e  6 . 6 8  1 . 0 - 1 . 3  . 6  : 1
"  2 , 5 ~ d i - <o - t o l u i d i n o t e r e p h t h a l a t e  6 . 8 3  - 0 . 5  2 . 5  : 1
"  2 , 5 - d i - m - t o l u i d i n o t e r e p h t h a l a t e  6.15 1 * 2  1 : 2
F ro m  t h i s  we n o t i c e  a  c h a n g e  f r o m  th e  f r e e  f o r m  p r e d o m in a t in g  t o  
t h e  h y d r o g e n - b o n d e d  f o r m  o f  t h e  m - t o l u i d i n e  p r o d u c t .  B o th  t h e  m e t h y l  
a n d  m e th y le n e  p r o t o n s  o f  th e  e s t e r  g r o u p  w h e n  f r e e  h a v e  a  s l i g h t l y  
h i g h e r  c h e m ic a l  s h i f t  (  0.15 p .p jn -) t h a n  th e  h y d r o g e n - b o n d e d  c a s e .
(S e e  F i g .  2 ,  p a g e  )
T he  d i f f e r e n c e  i n  b e h a v io u r  w i t h i n  th e s e  N - a r y l  t e r e p h t h a l a t e s  a n d  t h e  
d i f f e r e n c e  b e tw e e n  th e  d ia m in o  a n d  d i a n i l i n o t e r e p h t h a l a t e s  i s  m o s t  
i n t e r e s t i n g .  . F u r t h e r  w o rk  m ig h t  d i s t i n g u i s h  b e tw e e n  s t e r i c  a n d  e l e c t r o n i c
e f f e c t s  i n f l u e n c i n g  t h e  a m o u n t o f  h y d r o g e n  b o n d in g .  F o r  i n s t a n c e ,  
t h e  s u b s t i t u t i o n  o f  a  c y c l o h e x y l  g r o u p  f o r  t h e  p h e n y l  g r o u p  w o u ld  lo w e r  
t h e  a c i d i t y  o f  t h e  s e c o n d a r y  a m in e  a n d  p e r h a p s  c o n s i d e r a b ly  l o w e r  t h e  
p o s s i b i l i t y  o f  h y d r o g e n  b o n d in g  w i t h i n  a  s i m i l a r  s t e r i c  f r a m e w o r k .
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EXPERIMENTAL
S o u rc e s  o f  s p e c t r o s c o p ic  d a t a :
‘The i n f r a - r e d  a b s o r p t io n  s p e c t r a  w e re  o b t a in e d  u s i n g  a  B n ic a m  
SP 2 0 0  s p e c t r o p h o t o m e t e r  w i t h  t h e  c o m p o u n d  i n  a  N u j o l  m u l l ,  u n le s s  
o t h e r w is e  s t a t e d .  I n f r a - r e d  s p e c t r a  o f  s o l u t i o n s  w e re  t a k e n  u s i n g  
a  G r u b b - P a r s o n s  s p e c t r o m a s t e r .  T he  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  
a f t e r  t h e  a b s o r p t i o n  v a lu e s :  s ,  s t r o n g ;  b r ,  b r o a d ;  w , w e a k ;  s h ,  s h o u ld e r .
T he  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  w e re  o b t a in e d  u s i n g  a  U n ic a ra  
SP 8 0 0  s p e c t r o p h o t o m e t e r .  T h e  s o l v e n t  u s e d  w as 9 6 $  e t h a n o l  u n le s s  
o t h e r w is e  s t a t e d .  T he  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  a f t e r  t h e  
a b s o r p t io n  v a l u e s :  i n f 1 ,  i n f l e c t i o n ;  s h ,  s h o u ld e r .
The proton magnetic resonance spectra were obtained using a 
Perkin-Elmer 60 Iffiz. N.M.R. spectrometer operating at a temperature 
of 34°. Dimethyl sulphoxide (d.m.s.o.) was used as a solvent unless
stated; tetramethyl silane (t.m.s.) was used as an internal standard 
in all cases.
T he  m ass  s p e c t r a  w e re  o b t a in e d  o n  t h e  A s s o c ia t e d  E l e c t r i c a l  
I n d u s t r i e s  MS 1 2  s p e c t r o m e t e r .
S o u rc e s  o f  a n a l y t i c a l  d a t a :
M e l t i n g  p o i n t s  w e re  d e te r m in e d  o n  a  K o f i e r  m ic r o  h o t  s ta g e  u s i n g
s t a n d a r d is e d  th e r m o m e te r s .
M ix e d  m e l t i n g  p o i n t s  w e re  d e te r m in e d  u s i n g  a  G a l le n k a m p  m e l t i n g  
p o i n t  a p p a r a t u s .
M ic r o a n a ly s e s  w e re  p e r f o r m e d  b y  D r .  A l f r e d  B e r n h a r d t ,  M i c r o a n a l y t i s c h e s  
L a b o r a t o r iu m ,  W e s t G e rm a n y .
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19Diethyl succinylsuccinate ■ - "Bowtherm A" (250 g; biphenyl (66.25 g)»
diphenylether (185-75 g)) was treated under nitrogen with sodium (10.55 g) 
in small pieces, with stirring at 120°, until the sodium became a'sand' 
After the suspension had cooled to 55 - 60°, absolute ethanol (24 ml) 
was added during 6 hr so that the temperature did not exceed 75°: 
stirring under nitrogen was continued and the mixture maintained at 
75° - 80° for 2 hr, after which diethyl succinate (50 ml) was added 
rapidly. The mixture was held at 95 - 100° for 9 hr and then added 
to iced water slowly so that the temperature did not rise above 50°*
The mixture was stirred, 250 ml benzene was added and the organic layer 
decanted off. The aqueous layer was acidified with acetic acid to 
give diethyl suecinyisuccinate (27.5 g, 74/^) as yellow plates, m.p.
126 - 7° (irtOIl) (lit. , 19 126°).
Tiethyl 2,5-diamino -5 * 6-dihydroterenhthalate or 1,4-dicarbethoxy -
15
2,5-dLiifiinocyclohexane -inintimate mixture of diethyl succinylsuccinate 
(l g) and dry ammonium acetate (5 g) in a strong round bottomed flask 
was melted over a naked flame. Heating was continued until yellow 
oily drops of ester solidified to pale yellow lumps of product. After 
this, the boiling was continued for one minute to complete the reaction. 
The melt was allowed to cool with occasional shaking to prevent the 
formation of large crystals. The resulting cake was crushed and washed 
thoroughly with cold water leaving a pale yellow solid (0 .8 g, 82/Q,
m.p. 174 “ 5° (EtOH). Recrystallisation gave pale yellow needles but
o 15did not raise the m.p. to either 177 “ 8 obtained by Bogert and Box
or 181° reported by Baeyer ^  (Round: m/e 254* Calc, for ^]_2%8^2^4
M, 254), V (nujol) 5480 and 5580 (HH ), I67O (0=0), 1620 cnf1 (C=C), max c.
A ^ KtOH) 276, 444 nm (106^4-17. 3-90).
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15Diethyl 2,5-diaminoterephthalate - The crude product from the above 
reaction in a finely powdered form (l g) was oxidised to the ester by 
dissolving it in conc. (20 ml) and adding bromine (2 ml). The
1 Ooxidation was allowed to proceed for -g- hr at 45 - 50 and the solution
decanted from excess bromine. The bromine remaining in solution was
blown out by a stream of dry nitrogen and the liquid poured on to ice
wet with sulphurous acid yelding the sparingly soluble sulphate of the
ester as a colourless ppt. The mixture was left in ice for 1 - 2 hr,
the ppt. filtered and washed with ice-water, suspended in a small amount
of water and treated with sodium acetate solution whereby the free ester
was precipitated as an orange-yellow solid (0 .6 g, G0'/o). Hecrystallisation
(EtOH) gave orange-red needles, m.p. 168 - 9° (lit., ^  168°) (Pound:
c, 57.1; H, 6.5; li, 11.2. Calc, for C ^ H ^ N ^ :  C, 57-1; H, 6.3;
H, ll.lji): V max(nujol) 3500 and 3400 (ifflg), 168$ (0=0), 795 cm' 1
(l, 2, 4, 5“tetrasubstituted benzene), 7V, (EtOH) 238.5, 452 nm (log-,nC
m a x  XU
4.29, 3.48), T(0C14) 8.63 (611, t, J 8 Hz, CH3CH20-), 5.70 (4H, q, J 8 Hz, 
CH^CHgO-), 5.20 br (4H, s, Mg), 2.?8 (2H, s, aromatic).
2.5-Diaminoterephthalic Acid ^  - Diethyl 2,5-diaminoterephthalate (0.5 g )
was dissolved in an excess of aqueous alkali and the solution heated under
reflux for 1 hr. The acid was precipitated with acetic acid giving a
yellow-green micro-crystalline solid in quantitative yield, which was
purified by re-dissolving in alkali and reprecipitating with acetic acid.
The solid did not melt below 350°. (nujol): 3480 and 3380 (NH ),max eL
1710 - 1650 cm"1 (0=0), ^^(SDh.F.) 414n<ntL°S10£ 2.90) .
Diethyl 2,5-dimethylamino -3.6-dihyd.roterephthalate - Diethyl
succinylsuccinate (3*5 g) and a 33$ alcoholic solution of methylamine (15 ml,
were heated under reflux under nitrogen for 4 hr. Cooling produced
violet-red needles (1.7 St 45/0 > m.p. 139 - 40° (EtOH). The literature
value  ^(150°) could not be reached by recrystallisation to constant
m.p. V (nujol) 3320 (NH), 1650 (C=0), 1615 (C=C) and 780 cnf1 ■ max
(aromatic), A riiov(Et0H) 290.51 450 nm, log1ne (4.28, 3 .7 6 ).
DlclX i.U
Diethyl 2,5-dimethylaminoterephthalate - Diethyl,2,5-dimethylamino -
3,6-dihydroterephthalate (0.6 g) was heated under reflux with iodine (0.5 g) 
in ethanol (20 ml) until the colour of the iodine disappeared to give 
a reddish solution. Sodium acetate solution was added to give a red 
precipitate (0.45 g> 75/^ ) which on recrystallisation (EtOH) gave red 
needles of diethyl 2,5-Himethylaminoterephthalate, m.p. 119 - 20° -.
(lit.,'1' 117°), U (nujol) 3400 (M), loQO (C=0), 790 cm*”'1' (aromatic),m s*jC
244, 472 nm log10e (4.3°, 3.55).
2,5-Pimethylaminoterephthalic acid - Diethyl 2,5-dime thylamino tereph- 
thalate (0.5 g) was dissolved in ethanol (20 ml) and normal caustic soda 
(3*5 ml) added. The resulting solution was heated under reflux for 
l-o- hr and cooled to give a dirty green solid (0 .3 g, 75/^ ). Hecrystall-
n  *1
isation (HgO) gave a pale yellow-green solid, m.p. 295 - 300 d (lit.,
295°), V (nujol) 3380 (iffl), 1685 (C=0), 8 4 0 , 800, 740 om- 1 A. .„(liltOH)
iUctJL 1X13/X
235, 249i, 378, 462 nm.log10e (4.16, 3.7 8, 3.15. 3.05).
Diethyl 2,5-diethylamino -3.b-dihydroterephthalate - Diethyl succinyl­
succinate (3*5 g) and a 33/- alcoholic solution of ethylamine (15 ml) were 
heated under reflux under nitrogen for 4 hr. Cooling produced red
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needles (1.6 g, 40/0? m.p. 168° (EtOH) (lit.,'*' 169°), V (nujol) 3280max
(M) , 1650 (0*0), 1600 cm~1(C=C), A. (EtOH) 290.5, 455 nm (log..ne 4.29,
IHclX «LvJ
5.81). : ;
Diethyl 2,5-diethylaminoterephthalate - Diethyl 2,5-diethylamino -3,6- 
dihydroterephthalate (0.6 g) was heated under reflux with iodine (0.5 g) 
in ethanol (20 ml) until the colour of the iodine disappeared to give a 
reddish solution. Sodium acetate solution was added to give a red 
precipitate (0.5 g, 83;^ ) which on recrystallisation (EtOH) gave orange- 
red needles of diethyl 2,5-diethylaminoterephthalate, m.p. 144 ~ 5°
(lit., 142°) (Found: C,62.1; II, 7.7; E, 9.2. Calo. for C1(.H i^ C) :
C, 62.3; H, 7-8; 11, 9.1), V _„(nujol) 3400 (EH), 1680 (C=0), 790 cm'1
- ULClX
(aromatic), A-m x (8t0H) 243-5. 475 nm (lc^e 4.35, 357).
2,5-Diethylaminoterephthalic acid - Diethyl 2,5-diethylaminoterephthalate 
(0 .5 e) was dissolved in ethanol (20 ml) and normal caustic soda (3«5 ml) 
added. 'The resulting solution was heated under reflux for 1-J- hr and 
cooled to give a yellow-green solid (0.25 g, 60/i). Hecrystallisation 
from hot nitrobenzene gave a pale yellow-green solid from a red solution. 
'V>rnax(nujol) 3340 (EH), 169° (c=°), 840, 800, 740 cm"1, A mfly(BtOH) 234,
265, 370, 460 nm (log10e 4.92, 4.55, 4.00, 3.53).
Diethyl 2, 5-dianilinoterephthalate - Aniline (3 ml) and diethyl succinyl- 
succinate (2 g) were added to glacial acetic acid (20 ml) and absolute 
alcohol (50 ml) and the mixture heated under reflux for lj hr. On cooling 
red needles were formed (2.2 g,'Jlyo), Hecrystallisation (EtOH) to 
constant m.p. gave diethyl 2,5-diaminoterephthalate, m.p. 150° (lit. ,■*" 143°)
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(Pound: C,71.3; H, 6.1; N, 7.0. Calc, for C ^ H ^ O .  C, 71.3;
H, 5.9; N, 6.9,.). V (nujol) 3400 (HH), 3300 - 3200 br (bonded Mil),max
1685, I66O (C=0), 780 (l, 2, 4 , 5-tetrasubstituted benzene), 735>
690 cm’”^ (monQS'ubstituted benzene); A. (EtOH) 233» 302, 465 31111 (log,n£max xu
4*08, 4.47, 3*26); T  (CCl^) 8.81, 8.67 (6ll, two superimposed t, JSIIz, 
CH^CH^O-),6.68, 1.0 - 1.3» (2H 3 broad S; free and hydrogen-bonded HH 
respectively), 5*92 5*70 (4H, two superimposed quartets, J8Hz, CH^CH^O-),
3.2 - 2.5 (lOH, complex, aromatic), 2.03 (2H, S, central aromatic).
Diethyl 215-di-&.-toluidinoterephthalate - A mixture of £-toluidine (3*5 ml), 
diethyl succinylsuccinate (2 g), glacial acetic acid (10 ml) and absolute 
ethanol (2.5 ml) were heatedunder reflux for 0.25 hr. On cooling red 
needles were formed (2.5 76%). Hecrystallisation (EtOH/Pet. ether
60 - 80°) to constant m.p. gave diethyl 2,5-di-p.-toluidinoterephthalate, 
m.p. 184° (lit., 1 181°) (Pound: C, 72.1; II, 6.6; H, 6.7 . Calc, for
C26H28K2°4: Gv 72.2; H, 6.5; H, 6.5)0, V max(nujol) 3380 (HH), 1685
and 1660 (0=0), J Q 0 (l, 2, 4» 5 ~ tetrasubstituted benzene), 740 cm ^
(l, 2 - disubstituted benzene), 'K (EtOH) 235, 295, 470 nm (logine 3*87,max xu
4.11, 3.17)» t (CCl4) 8.81, 8.67 (6H, two superimposed t, J8Hz, CHJDHgO-), 
7.70 (611, S, 2 x CH^ - Ar), 6.83, -0.5 (2H, S, Broad S; free and 
hydrogen-bonded HH respectively), 5*91, 5*69 (4H, two superimposed q,
J8Hz, CH^CHgO-), 3.1 - 2.7 (8H, complex, aromatic), 2.22 (2H, S, central 
aromatic).
Diethyl 2,5’-di-m-toluidinoterephthalate - A mixture of m - toluidine 
(3.5 g), diethyl succinylsuccinate (2 g), glacial acetic acid (10 ml) and 
absolute alcohol (25 ml) were heated under reflux for 0.25 hr. On
cooling light red needles were formed (2.3 g» 70,1). Hecrystallisation
-53-
(Pet. ether 60 - 80°) to constant m.p. gave diethyl 2,5-di-m-toluidino- 
terephthalate m.p. 162° (Found: C, 72.1; H, 6.6; N, 6.6. Calc for 
C26H28H2°4: G ’ '12.2; II, 6.5; N, 6.5/0, V ^ n u j o l )  3350 (HH), 1680 (C=0), 
795 cm-1 (aromatic), 236, 313, 470 (log1QG 3.31, 3.89, 5-19),
x (CClp S. 65 (6H, t, J8Hg, CH^CHgO-), 7.68 (6ii, S, 2 X  CH, - Ar), o.15,
1.2 (2E, S, broad S; free and bonded HH respectively) 5*68 (4H, q, J8Hz, 
CH^CH^O - ) 3.4 - 2.7 (8H, complex, aromatic), 2.01 (2H, S, central 
aromatic).
Diethyl 2,5-di-jni-toluidinoterephthalate - A mixture of jD-toluidine (3.5 g) 
diethyl succinylsuccinate (2 g), glacial acetic acid (10 ml) and absolute 
alcohol (25 ml) were heated under reflux for 0.25 hr. On cooling orange 
needles formed (2.6 g, 79?0. Hecrystallisation (benzene) to constant 
m.p. gave diethyl 2 ,5-di-£-toluidinoterephthalate, m.p. 200° (lit. ^  187°) 
(Found: C, 72.1; H, 6.7; N, 6.6. Calc, for C^I^N^O^: C, 72.2;
H, 6.5; H, 6.5/0, V m a (nujol) 3360 (HH), 1680 (C=0), 815 (l,4 -disubsti-max
— 1tuted benzene), 780 cm (l» 2 , 4 , 5 -tetrasubstituted benzene), 
A-max (EtOH) 256, 303, 475 nm (log10e 4.27, 4.23, 3.51).
2,5-DinnilihotereT)hthalic acid - Diethyl 2,5-dianilinoterephthalate (l g)
in ethanol (17 ml) and lO/^  K0H solution (4 ml) was heated under reflux for
2 hr to give a red-yellow solution with green fluorescence. The solution
was acidified to give a violet coloured precipitate in quantitative yield
which did not melt below 360°, (nujol) 3400 (NH), 2400 (OH), 1665max
(C=0), 770 (l, 2, 4 , 5 - tetrasubstituted benzene), 750, 695 cm  ^(mono­
substituted benzene) , A, (PtOI-l) 254, 323, 448 (log,ne 4*01, 4 .16, 3.40).max xu
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2 , 5 - B i - : 0 . - t o l u i d i n o t e r e  p h t h a l i c  a c i d  -  D i e t h y l  2 , 5 - d i - j > - t o l u i d i n o t e r e p h -  
t h a l a t e  ( o . 2 5  g )  i n  e t h a n o l  ( 2 0  m l )  a n d  1 0 /t  KOH s o l u t i o n  ( l  m l )  w as 
h e a te d  u n d e r  r e f l u x  f o r  4 h r  t o  g i v e  a  y e l l o w  s o l u t i o n  w i t h  g r e e n  
f l u o r e s e n c e .  A c i d i f i c a t i o n  g a v e  a  v i o l e t  p r e c i p i t a t e  i n  q u a n t i t a t i v e  
y i e l d .  V>m ( n u j o l )  34OO ( K H ) , 2 4 2 0  (O H ) ,  I 65O ( C = 0 ) ,  7 7 0  ( l ,  2 ,  4 ,  5
IIlcLX
t e t r a - s u b s t i t u t e d  b e n z e n e ) , 740 c m "1 ( l ,  2 -  d i s u b s t i t u t e d  b e n z e n e ) ,
^max^Et0ii'1 521’ 450 ma (log10e 5*^’ 2*97).
2.5-Bi-IQ-toluidinoterephthalic acid - Diethyl 2,5-di-m-toluidinotereph-
thalate (0.25 g) in ethanol (20 ml) and 10/3 KOH (l ml) was heated under
reflux for 2 hr. Acidification gave a blue precipitate in quantitative
yield. V a (nujol) 3400 (M), 2400 (Oil), 16.50 (0=0), 780 doublet cm"1 max
(l, 2, 4, 5 ~ tetrasubstituted and 1,3 - disubstituted benzene); 
7l1Tiay(PtOIi) 233.5, 324, 443 nm (log10G 4.15, 4 .I8, 3 .50); 13 (d^ - dmso) 
7.72 (6n, 8 , 2  x CIA - Ar), 2,5 - 3*4 (8H, complex, aromatic) 2.09 
(2H, 3, central aromatic).
2.5-Di-Jl-toluidinoterephthalic acid - Diethyl 2;5~d.i-j>-toluidino~
terephthalate (0.25 g) in ethanol (50 ml) and 10fo KOH. (l ml) were heated
under reflux for 2 hr. Acidification gave a blue precipitate in
quantitative yield. S> (nujol) 3400 (NH), 2400 (OH), I665 (C=0),max
820 (1,4 - disubstituted benzene) 790 cm”1 (l, 2, 4, 5 ~ tetrasubstituted 
benzene); A Jliax (fitOH) 234, 317, 435 nm (log1Qe 3-97, 4-08, 3.27)5 
X  (d^ - d.m.s.o.) 7.72 (6ll, S, CH^ - Ar), 3*0 - 2.7 (811, complex 
symmetrical, aromatic), 2.17 (2H, S, central aromatic).
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20Quinacridone - Aniline (1.8 g) was added slowly to polyphosphoric 
acid (10 g) at 150° over one hour and the mixture cooled to 60°. Diethyl 
succinylsuccinate (2.5 g) and aniline hydrochloride (0.02 g) were added 
and the mixture heated to and maintained at 60°with stirring for 4 hr to 
give a light yellow paste. The charge was further heated to 120° during
1 hr, held at this temperature for 2 hr and finally heated to 140° and
held there for 1 hr. During the heating cycle the colour turned from 
a yellowish brown to a reddish brown. The mixture was cooled to 90° 
and after dropwise addition of 20 ml water within the temperature range 
80 - 90°, the mixture was poured quickly on to ice-water and the 
precipitate separated, washed and dried to give the yellow solid 
dihydroquinacridone (2.7 g, 62/c). Quinacridone itself was prepared by 
dissolving dihydroquinacridone (l g) in nitrobenzene (20 g) and heating
the solution under reflux for 1 hr. The product, a dark red solid, 
was filtered off and washed with ethanol to give the pigment quinacridone
(0.8 g, 8O;0 , m.p. 360° (nujol) 3300-2700 br (NH), 1635,1605,
1595,1560, (C=C, 0=0), 750s,br cm" (1,2-disubstituted benzene),
\  a (D.M.F.) 5 0 i f i n f l ,  532 (log|0e. ^.64, 4.77).
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PART TWO
INTRODUCTION
The reactions of amines with dinitrile systems with a view to 
the formation of heterocyclic products have been fairly extensively 
studied, particularly with regard to the reactions of the amines ammonia 
and hydrazine. For example, in the aliphatic homologous series of 
dinitriles (l), succinonitrile (2) and glutaronitrile (3) both react
a) (2) (5)
with ammonia in a sealed tube at elevated temperatures giving the cyclic
1 2 iinidines succinimidine (4) and glutarimidine (5) respectively.
CN CN
H
(?) (5)
Similarly, the aromatic analogues (insofar as the nitrile groups 
are separated by the same number of carbon atoms) phthalonitrile (6)
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and js-cyanobenzyl cyanide (7) both give cyclic products with ammonia.
1,3-Diiminoisoindoline (8) is formed from phthalonitrile , this reaction 
being completely analogous to the formation of succinimidine.
(6)
i
NH
A-
NH
IN 11
(8)
■CN
Nrll NH
NHjl(10)(7)
However with o-cyanobenzyl cyanide (7), while the imidine (9) niay be
formed as an intermediate, the product is best described as 1,3-diamino-
isoquinoline (lO)^. The addition of an extra carbon atom to the
heterocyclic ring and fusion with an aromatic system permits the
tautomerism into the fully aromatic isoquinoline derivative (10).
The reactions of hydrazine hydrate with succinonitrile and
phthalonitrile have also been studied. Succinonitrile gives various
5products depending upon reaction conditions . At room temperature m  
methanolic solution the action of hydrazine hydrate gives 6-hydrazino 
3-hydrazono-2, 3,4 >5-tetrahydropyridazine (11), the same product in 
better yield being produced from the action of hydrazine hydrate on 
succinimidine. Here, ring expansion has taken place but attempts
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CN CN 
(2)
N.NH?
(11)
h n- -N-
H
(4)
•NH
to aromatise the six-membered ring by dehydrogenation have been 
unsuccessful. Succinonitrile in boiling pyridine with 95P  hydrazine 
gives a polymeric tetrazine poly - 1,2-dihydro -l^^^-tetrazine
-3,6 -diyl) dimethylene] (12) of some potential as a 'blowing1 agent 
(see later).
CH^
N NH
N
n
Ch2.
(12)
Parallel behaviour might be expected with phthalonitrile since both
dinitriles formed imidines with ammonia. Indeed with ring expansion
to form the intermediate (13) there is the likelihood of aromatisation
to form the phthalazine derivative (14)« This is in fact seen.
Reaction of phthalonitrile with hydrazine hydrate in boiling acetic
acid gives 1,4-dihydrazinophthalazine  ^ which is also formed from
71,3-diiminoisoindoline . Under milder conditions the imidine yielded
7 8another phthalazine derivative 1,4-diaminophthalazine (15) and
again aromatisation has taken place.
(6)
NHNHZ
(15)
NHMHj.
(14)
NHNM NH
NH
NH
(14) ■(e) (15)
Phthalonitrile and hydrazine hydrate in equimolar proportions in 
boiling ethanol and with ethoxide ion as a catalyst gives not 1,4-diamino* 
phthalazine but its isomer 3-hydrazono-l-iminoisoindoline (l5a) 
Isomerisation to the phthalazine (15) occurs in warm hydrazine hydrate 
3-Hydrazono-l-iminoisoindoline might at first sight appear to be a
CN
eCEt
.N-NHa. 
NH — -=— ^
NH
(6) (15a) (15)
reaction intermediate in conversions of this type but its low solubility 
(it is precipitated from hot ethanolic solution) seems to preclude this.
The mechanisms of these reactions will involve nucleophilic 
attack at the unsaturated carbon atoms of the nitrile and imino 
functions by the basic amine. An open chain intermediate is necessary 
before cyclisation, and indeed aliphatic hydrazidines, for which two 
tautomeric structures can be drawn (-16 a,b), are known  ^and are formed 
by the addition of one molecule of hydrazine to a nitrile function.
H N V  //NH
/-(CHAr-c <— >
H,N!IN NHKH,
(it a) (16b)
The ring closure can be effected by further nucleophilic attack with 
elimination of an amine (probably ammonia), the loss of which would be 
detectable during the reaction.
An interesting case, given as an example of the type of mechanism 
pertaining in these examples, is the ring expansion of the substituted 
pyrollidine ring in succinimidine and 1,3-diiminoisoilidoline derivatives^ 
Ring expansion relieves the strain of the pyrollidine ring and promotes 
aromatisation in the isoindoline system by the formation of the 
phthalazine derivative. The mechanism involves both nucleophilic 
attack (17) with subsequent ring opening (18) then closure with elimina­
tion (19)-(21) and, where applicable, tautomerism to the aromatic form (22)
nm N. NH2
V  / \
HjN
NHzNH2,
NHR
NNR
N.R
(18)
NHR
N.NH;
(19)
NHR
(22)
[wiiVi fiVihaaloniirili? 
deirwaWei> J
It can be seen that the mechanism does not involve 3-hydrazono- 
1-iminoisoindoline as an intermediate. The invoking of the open chain 
intermediate is substantiated by the formation of phthalaz -1,4-dione (24) 
from the isolable £-carbamylbenzhydrazide(23) in a similar 
reaction
0
NHNH
0
(23) (24)
In summary, it seems likely though not proven that there is attack
at both nitriles (if two moles or more of hydrazine are used) before
cyclisation occurs so there is only one ring closure during the whole 
reaction. This is substantiated by the isolation of various open chain 
compounds, intermediates in the formation of these heterocyclic compounds.
As compounds of the type described above are often unstable and
with a short shelf-life, as a general precaution (which is often justified)
reactions are usually carried out under anaerobic conditions and sometimes 
the exclusion of light is also necessary. Further, such techniques as 
filtration of compounds unstable in the air may have to be carried out 
in a glove-box or nitrogen bag to maintain anaerobic conditions.
Hydrazino compounds will react with ketones (25), aldehydes (-25» R^H) 
and carboxylic acids (25» R^=OH) to give condensation products (26) in
a similar fashion to amines with the elimination of water after nucleo-
■ 12 ' 
philic attack.
Of particular interest is the action vf vvv vc? e' ri re 
hydrazine function at t>°C ^ dhi?.. ? red or or ^ • ., ■ v\ 1 k vi
-p r e s  a  diazoniur salt., the hydrazine v r . l t  .d r u  r r  ■ cvh. 
nitrosaticn and tno elimination 'of vater hit fl hr.'■
N h l v h h   h-K id
NO
' (27)
■i'here ccii'poiaris are often exelosiyee N'arao terirdio rC vzidr derive
but cruel live err be ervdrrc vc c: vr- rate or to
of crod isa t:h‘r:: envoi v: rap a hetoreador v ye hy
a tetrasoie rang' (jOj .in the case where X -  NH .
r
na« been am e. or taken on rhre syeteift 'i- o; tne vocrrtyyvi ce'.eyobrre . ro 
che r e  o r 2 v . a  * t i o - - t e •he -:-yrr N r  ' '.r.r- .
h r  or.n: ...Lo-v h. r .  in v c e e p ln r  w ith  ib r  r r h h  '.Nr- ar: a ‘y r .c e n t
i
charge ruV- jar-ling; ear oe rylvvyr for o.r. a erf.': croup' Id or...
in covairrc viveo the h. - 1.. her::; No oa::vNd:r.ybly 1 :rver than N, -8. 0 w Id
which uc-v.ld .h^ strNV to;:; tv ;lueic;r :N r..v eccoivi orr onload form (id),
In fact this ia the forr vh:'ch c m  Vr\c » a reto?-vary-prerequisite: for
© e 0 ©
N = N  — N .n —
0. b C a  b C
(31) (32)
x6cyclisation mentioned. Further, Roberts has calculated that very 
little energy is involved in bending the linear configuration to an 
angle of 120°. Considering the mechanism we see that either form will 
eyelise only if the electrons from the azomethine bond are available for 
delocalisation into the side chain (33 - 3'6).
./^\ © P eS3 I <■—> |
R ' ^  f K N t K  n  N
(33) (34) (35)
f }
h. Ik1I V  *
Y w rk —^ N
(36) (35)
If R, R are electron donating this will assist the release of the Tt~ 
electrons into the azide side chain and hence will shift the equilibrium 
towards the cyclic tetrazole (35)* With electron-withdrawing groups
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the opposite will occur and cyclisation will be hindered. Discussion 
on this topic will be continued later with reference to compounds we 
have prepared.
Apart from the intrinsic chemical interest in these systems, the 
work was also undertaken with a view to the possible formation of 
compounds with potential for use as chemical ’blowing* agents. With 
the increased demand for foamed plastics (plastics in which part of the 
solid phase has been replaced by gas in the form of numerous small cells) 
there is a corresponding increase in demand for chemical ’blowing’ agents. 
These are chemicals incorporated in precured plastic which decompose on 
heating giving off a gas which expands the plastic into a cellular 
material which remains on cooling. In particular there is interest in 
those releasing their gas or ,'blowing' at temperatures around 200° or more.
Other methods may be used to introduce the gaseous phasej agitation
to form a froth which is then cured: gas may be introduced under
pressure and then allowed to expand in the plastic at reduced pressure 
and high temperature. Similarly a volatile liquid may be introduced 
before heating. There is also a certain amount of use of inorganic 
blowing agents such as sodium bicarbonate and ammonium carbonate. However, 
organic chemicals are the most popular form of 'blowing' agent.
There are strict prerequisites for a compound's suitability. Some 
of these are listed in Table 1. The most important chemical property
TABLE 1
1. Cheap.
2. Stable at room temperature.
3- Must dissolve/disperse in precured stock.
4. Gas evolution: Inert gas evolved rapidly but not explosively
over a definite and narrow temperature range.
5* Residue: Compatible with plastic, colourless, odourless
and non-toxic.
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m u s t b e  t h a t  i t  g i v e s  o f f  a  g a s  o n  h e a t i n g ,  p r e f e r a b l y  n i t r o g e n  ( b e in g
i n e r t )  th o u g h  c a r b o n  d i o x id e  w o u ld  b e  a c c e p t a b le .  A m ong c o m p o u n d s
17
p r e s e n t l y  b e in g  u s e d  a s  b lo w in g  a g e n ts  a r e  a z o  c o m p o u n d s  ( 5 7 ) »  
N - n i t r o s o  c o m p o u n d s  ( 5 8 ) ,  s u lp h o n y l - h y d r a z id e s  ( 5 9 )  a n a  t r i a z i n e s  ( 40) .
0 o
W /
c - n = n - c
H-n/ XNHz CHr N-C
C-N-CH
(37) (58)
m m z 
4
NHHHZ
(39) (40)
I n  s e a r c h in g  f o r  new  ’ b l o w i n g '  a g e n ts  i t  i s  o b v io u s  t h a t  t h e  p r e s e n c e
o f  some f u n c t i o n s  i s  m o re  l i k e l y  t o  l e a d  t o  g a s  p r o d u c t i o n  o n  d e c o m p o s i t io n
th a n  o t h e r s .  H ig h  n i t r o g e n  c o n t e n t  i s  a  n e c e s s i t y  i f  n i t r o g e n  g a s  i s  
s o u g h t .  D e c a r b o x y la t io n  o f  c a r b o x y l i c  a c id s  p r o d u c e s  c a r b o n  d i o x i d e  a n d
c o n d e n s a t io n  o f  g l y o x y l i c  a c i d  w i t h  h y d r a z in e  f u n c t i o n s  g i v e s  s t r u c t u r e s
w h ic h  m ig h t  g i v e  b o t h  n i t r o g e n  a n d  c a r b o n  d i o x id e  o n  h e a t i n g .  S i m i l a r l y  
g l y o x a l  c a n  b e  u s e d  t o  f o r m  d im e r s  o r  p o ly m e r s  w i t h  h y d r a z in o  d e r i v a t i v e s .  
T h e  t e t r a z o l e  r i n g  m e n t io n e d  e a r l i e r  a l s o  sh o w s  p o t e n t i a l  i n  t h e  b lo w in g  
a g e n t  f i e l d ,  p a r t i c u l a r l y  w i t h  t h e  p r e s e n c e  o f  a n  a z o  l i n k a g e ,  i n  t h a t  
d e c o m p o s i t io n  o f  t h e  r i n g  o n  h e a t i n g  w o u ld  m o s t l i k e l y  p r o d u c e  n i t r o g e n  g a s .
To ' s c r e e n '  p o t e n t i a l  ' b l o w i n g '  a g e n ts  f o r  t h e i r  a b i l i t y  t o  g i v e  o f f
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gas, thermogravimetric analysis of the compounds is undertaken.
Thus weight loss is plotted against increasing temperature and hence 
the quantity of gas given off over any temperature range may be 
determined. If the compound still seems suitable, and coloured 
decomposition products preclude many, then the gaseous products can be 
analysed with a view to their suitability. Only then, having found 
no toxic gases present would experiments with plastics be in order.
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.DISCUSSION
The reaction of hydrazine hydrate with <o-cyanobenzyl cyanide (l) 
was investigated in the cold in ethanol and also in the same solvent 
under reflux, in both cases under an atmosphere of nitrogen. No product 
was isolated in the cold after 48 hours, the starting material being 
recovered. From the reaction under reflux a yellow crystalline compound, 
sensitive to the air, was isolated.
This compound gave a parent peak in the mass spectrum of m/e =189 
indicating the molecular formula C^H^N^ which is consistent with the 
addition of two hydrazino groups to jo-cyanobenzyl cyanide and the 
elimination of ammonia (this was detected during the reaction). It 
appeared that the compound was 1,3-dihydrazinoisoquino 1ine (2).
NHNHi.
(1) (2)
This was substantiated by the light absorption in the ultra-violet region
which is very similar to that for 1,3-diaminoisoquinoline ^ (Table l).
The slight hypsochromic shift from the maximum for the latter is unexpected
and might just indicate a slight preference fora 1-hydrazono tautomeric
form. Comparison with the corresponding phthalazine derivatives shows
there to be no shift in the long wave length band in going from 1,4-diamino-
10to 1,4-dihydrazino phthalazine
'■TABLE 1. A nm. EtOH solvent — ----  max
1,3 - diaminoisoquinoline 234, 307, 375
(2) 231.5, 306, 364
1,4 - diaminophthalazine 217, 262, 335
1,4 - dihydrazinophthalazine 275, 335
nhnh2
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The i.r. spectrum shows the absence of a nitrile group, the presence 
of a complex amino absorption in the region 3280 - J l 6 0  c m  a n d also 
the absorption between 770 - 755 cm  ^expected for an o-disubstituted 
benzene derivative.^
TABLE 2
Compound X Intensity Multiplicity
(2) 5*89 2 singlet*
3*36 2 broadened singlet*
2.7-3.3 ( complex with broadened
(
5 ( singlet* underneath
(: '
2.65 ( doublet
2.10 1 doublet J=8c/sec.
1.7 1 broadened singlet*
* lost after D^O shake
(5)
19 1.1
5.5 
1.3-2.2 
7.20
7.24 
+ in T.P.A.
broadened singlet 
broadened singlet
5 complex
6 singlet
6 singlet
Assignment
-eh2
-nh2
4,5,6,7-H
- M
8-H
-KH
-BH
-m 2
aromatic H ’s
2x-CH-.
5
2x-CH-,
.1
I
N
N>l
N N
(3) (4)
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The proton magnetic resonance spectrum is tabulated in Table 2.
The signals disappearing after shaking the solution with D^O are assigned 
as -BH and -RHg protons, the latter to the high field signals after 
comparison with the unambiguous hydrazino compound (3).
Characterisation is finalised by the formation of the condensation 
product with acetone (4) which gave a parent peak in the mass spectrum 
of m/e = 269 (consistent with a molecular formula of The
single absorption at 3310 c m w a s  consistent with the structure (4) as 
was the P.m.Pi. spectrum (Table 2) in T.P.A. which gives methyl and 
aromatic protons in the ratio 12:5» ‘The -MI protons were not visible 
since their signals are collapsed by rapid exchange in the acidic solution.
The fact that the dihydrazino compound has been formed suggests that 
addition takes place at both nitrile groups to form the diamidrazone before 
cyclisation, though such an intermediate was never isolated from the 
reaction mixture. If this were not so one might expect the mono-hydrazino 
mono-amino compound (12) to be the end product, formed bj^  tautomerism of 
the form (11) before further substitution of the imino group could occur. 
Proposed mechanism
r y
•G=N
t .---hi H^N B_7_
(1)
NHNii
NHNH2.
/NHNH,
(5)
N.NH;
N.NH2.
(6) N.NH2.
-NH2
V
N.NH,
(2) (8) (7)
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v / i t h  o n l y  o n e  m o le  o f  h y d r a z in e  a d d e d  b e f o r e  c y c l i s a t i o n ,  ( 1 2 )  w o u ld  b e  
t h e  e x p e c te d  p r o d u c t :
C=N
(1)
,<r
NHNHZ
C = N
(9)
N.NHi
Hi
HH
(12) (11)
T h e  t a u t o m e r i s a t i o n  i n t o  t h e  a r o m a t i c  f o r m  w i l l  b e  a s s i s t e d  b y  t h e  g a i n  
i n  r e s o n a n c e  e n e r g y  i n  f o r m i n g  t h e  i s o q u i n o l i n e  r i n g .  I f  t h e  a s s u m p t io n  
a b o u t  a r o m a t i s a t i o n  i s  i n c o r r e c t  t h e  d i - h y d r a z i n o  c o m p o u n d  c o u ld  b e  fo r m e d  
a s  f o l l o w s  b y  a d d i t i o n  o f  t h e  s e c o n d  m o le  o f  h y d r a z in e  t o  t h e  im in o  
g r o u p  i n  s t r u c t u r e  ( l l ) :
NH 
(11) .
-N.NH;
NH NH.M lt 
0 <&
(12)
NHNH2 
(?)
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\
-N H
N.NH2
H
(13)
)H 
N.NH^
(14)
but this scheme seems intrinsically unlikely.
The reaction of 1,3-dihydrazinoisoquinoline with sodium nitrite in
both hydrochloric acid and glacial acetic acid gave a colourless compound
which exploded on heating. This compound showed no absorption due to
N-H stretching in the infra-red but a very strong absorption at 2160 cm ^
18characteristic of the azido function so presumably both hydrazino groups 
had been attacked. Since the heterocyclic nitrogen is to the hydrazino 
group there is also the possibility of cyclisation of one of the azido 
groups to form a tetrazole ring (15) or (l6).
(14)
OR
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Certainly, on reduction in boiling 2-ethoxy ethanol only one of the azido 
functions is reduced to an amino group so presumably one azido group had 
already been cyclised. The compound formed showed a mass spectrum with 
parent peak m/e = 183, which corresponds to a molecular formula 
There were two possible structures (17) and (18).
NHZ
(17) (18)
The presence of the -M^ group is shown by the absorption at 3380, 3320 
and 3180 cm  ^in the infra red and confirmed by the broadened singlet at 
Xs* 2.85 (DMSO) which is assigned to two equivalent protons in the p.m.r. 
spectrum. The other five protons are all assigned to the aromatic ring.
Analagous behaviour is found with 1,4-dihydrazinophthalazine (19)*
The hydrazino compound reacts with sodium nitrite in hydrochloric acid or 
glacial acetic acid to form the compound described by Stolle et al ^  as 
6-azidotetrazolo(a)phthalazine (20). Here there is the possibility of 
the azido functions cyclising to form the di-tetrazolo derivative (21) 
but the product formed shows a strong absorption at 2160 cm characteristic 
of the azido function. Correspondingly, reaction with tetralin gives on 
reduction a compound, mpt ^ 0 6 ° (Lit = 305°)» described by Stolle et al as 
6-aminotetrazolo(a)phthalazine (22) again suggesting only one azido function 
is cyclised to the tetrazole ring.
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Evidence of the presence of the group is shown in the same way as the
isoquinoline analogue (17/18) by infra-red and p.m.r. spectra. Absorption
is found at 3380, 3320 and 3210 cm  ^and a broadened singlet at X = 2.30
(DMSO) equivalent to two indentical protons confirms the presence of the
group. The three peaks instead of two expected for the primary
amine in the infra-red is unusual but not unknown and is presumably due to 
21
hydrogen bonding. A suitable solvent for dilution studies in solution 
infra-red could not be found to confirm this.
Attempts by Reynolds et al "K to cyclise the second azide group were 
unsuccessful including attempted cyclisation of the triazine produced in 
formylation of the dihydrazino compound and subsequent deformylation and 
addition of nitrous acid (23 - 25).
mm,
NHNH
~s
NHNHCHO
V
Y *
NHNHCHO
(23)
— N
NHNHCHO
(25) (24)
The suggested mechanism ^  for the cyclisation of the azido group
into the tetrazole ring is given ((26) - (28)). It can be seen that this
mechanism involves the resonance form (27) which is more important as
the azide bends until the nitrogen atom c* to the heteroatom comes within
bonding distance.
ft 1 © 0
N — N — N
(26)
N N
® Ne 
'N
Ni
(27) (28)
Stabilisation of the bent azido group form (29) can take place by 
delocalisation of charge around the aromatic system (30) and it is 
possible that this latter resonance form contributes significantly to 
the general bent azide form.
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The fact that the second azide function will not cyclise is possibly 
then due to the fact that with one tetrazole ring- formed the adjacent 
double bond is no longer available for delocalisation of charge around 
the aromatic ring.(32). Presumably this electronic state is of too high
l i M
(51) (32)
energy for reaction in normal conditions. It is thus possible that 
stabilisation can only occur by the opening of the tetrazole ring already 
formed. Whether there is exchange between azido and tetrazolo functions 
in this particular system is not known, but it has been recognised in 
related systems, such as (37)•
These considerations recall the difficulty of cyclisation of azido 
groups attached to a 5-raembered ring where the ability of the heteroatom 
H to supply an electron pair is in competition with the4heteroatom X (33) 
If X = NH or 0, cyclisation does not occur, but if X = S (of lesser
electronegativity) it does. The more electronegative X is, the more 
energetic the transition state (34)•
-N
©
K1
e
(33) (34)
It is interesting to note that Stanovnik and Tisler have reported 
the preparation of the isomeric methyl 6-azidotetrazolo(l,5b)pyridazines 
(35>36) and the azidotetrazolopyridopyridazines (37? 38) isomerisation in
both cases taking place on heating 22 The transition state may involve
(35) (36)
the di-tetrazolo form but if this is the case one fused ring is finally 
broken ((39)- (42)). Alternatively the one tetrazolo ring is broken thus 
resorting to a di-azido structure as an intermediate and then the other 
ring- is formed to form the isomer ((43) - (45))*
M- -N
H
N = n = N
e
N , ^
i©
N0
I
N
-N
y V
---N
® 0 
n = n = n
(3?) (40) (41) (42)
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(43)
$ 0 
N = N = H
CH
-N
$ e 
bl= KJ =1S
CH
3\,/
■>
(44) (45)
ri’he feasibility of the di-tetrazolo form as an intermediate is underlined 
by the mass spectral studies on the pyridopyridazine isomers ^  (37> 38) 
as it is seen that there is a very abundant peak at M-84 (m/e = JQ)  
corresponding to the loss of six nitrogen atoms simultaneously. Since 
the compounds have been shown to exist in the azido-tetrazolo form the 
fragmentation observed (Fig. l) compelled the authors to invoke the 
formation of the di-tetrazolo molecular ion form (46) under the high 
energy situation of electron impact. This is substantiated by the mass
■h
(4-j) ; (47)
spectrum being very similar, after the removal of the six nitrogens, to the
mass spectrum of 2, 3-dicyanopyridine (Fig. 3)» This implies that the
moiety (47), the molecular ion of 2,3-dicyanopyridine, is an intermediate
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in the breakdown in the mass spectrometer of the azido-tetrazolo compound 
and substantiates the simultaneous loss of the six nitrogens as shown.
The mass spectrum of 6-azido tetrazolo(5,ib)phthalazine (Fig. 2) is 
identical with that of its pyridopyridazine analogue in that there is loss 
of six nitrogen atoms simultaneously to give, in this case, phthalonitrile 
as an intermediate in the breakdown of the compound in the mass spectrometer. 
Again there is similarity with the spectrum of the ainitrile below m/e = 128, 
the parent peak for phthalonitrile (Fig. 4)> as is seen by comparing the 
mass sp>ectrum of 6-azidotetrazolo (5,lb)phthalazine with that of phthalo­
nitrile.
FIGURE 1
•Hot
2J3 i 
[m®]:
lie itOto
FIGURE 2
Hct4-
IfeO iioHOICO
FIGURE 5
HoJ
to 130q Oto ICO50 ilO
FIGURE 4
Of the two amino-tetrazolo compounds (22), and (17 or 18), the 
phthalazine derivative (Pig. 5) shows a similarity to the azido-tetrazolo 
compound (20) in its readiness to lose nitrogen in the mass spectrometer. 
In this case there is initially a loss of four nitrogen atoms (48); 
however this is disguised in the spectrum by the fact that the
(48)
molecular, ion is protonated giving an intense peak at P+T where P is the 
expected parent ion. This peak occurs at m/e - 187 so in fact there is 
a loss of 57 mass units due to the loss of four nitrogen atoms plus the 
proton previously captured, rather than the 56 which would be predicted 
for the breakdown to the moiety m/e = 130. In a similar way the amino 
group is lost to give a fragment m/e = 160.
FIGURE 5
t<io170ilO lio 13010
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There is further decomposition, this time to benzonitrile. This
is shown by the presence of a raetastable peak at m/e = 56 corresponding
to the loss of HCN from benzonitrile, the same metastable peak having
2 Abeen reported from the mass spectrum of benzonitrile itself .
The same metastable peak is found in the mass spectrum of the 
reduced isoquinoline derivative (17 or 18, Pig. 6) and since the molecule 
must be capable of providing benzonitrile on breakdown there might be 
the possibility of ruling out one structure because of its inability to 
do this. Structure (17) might seern the most likely since the C=N of 
the tetrazole ring is cK to the benzene ring in a similar fashion to the 
phthalazine analogue whereas in (18) this bond is in the p position.
In spite of this, analysis of metastable peaks (Pig. l) 2Ji the spectrum 
shows a simple decomposition route which could be argued for either 
structure.
FIGURE 6
-H (A
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While this compound does not exhibit the prominent P + 1 peak foimd
in its phthalazine analogue, comparison with the calculated ratio of 
P+l /intensities /P for the particular molecular formulae shows that the P+l 
peak is more intense than predicted implying a certain degree of protonation 
of the amino group (Table 2).
TABLE 2
Compound Molecular Formula 
(22)
(17 or 18)
100 x P+1/P 
Calculated Observed
W 6
c9y 5
11.03
11.74
375
16.3
Structure (17) may be confirmed as the correct isomer by the p.m.r. 
spectrum (Table 3). It shows four benzenoid protons, a broader singlet 
for the two amino protons and at higher field (T=3.48) a singlet 
corresponding to the remaining proton. This is assigned to the 4-P^oton 
of the isoquinoline ring and its position at high field is indicative of 
being adjacent to an amino group. El.vidge ^ found the 4-P**0'fcon in
1,3-diaminoisoquinoline (50) at high field (t*4.10)» and comparison with 
the deshielded 8-proton adjacent to the tetrazole ring in 6-azido-7-methyl- 
tetrazolo (l,5b)pyndazine (49) (t=1.37) supports this assignment.
CHj
Ms
sl-
N i
NHi
(49) (50)
TABLE 3 
P.M.R. Sepctra in P.M.S.O.
Compound T Intensity Multiplicity Assignment
(17) $.48 1 Singlet 6-H
2.86 2 Broadened singlet 3-NH2
2.2-2.7 3 Complex 7,8,9-H
1.53 1 Doublet J=8.0 Hz 10-H
(22) 2.30 2 Broadened singlet 6-Mg
1.4-2.1 4 Complex 7 > 8»9 >10-H
(20) 1.3-1.9 4 Complex 7,8,9,10-H
(49) 1.57 1 Singlet 8-H
(50) 4.10 1 Doublet J=0.8 Hz 4-H
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As was first noted in the introduction, hydrazino derivatives 
may have potential as blowing agents. The compounds 1,3-dihydra- 
zinoisoquinoline (2) and 1,4-dihydrazinophthalazine (19) -are ruled 
out by their low shelf-life but their ability to form condensation 
products readily with glyoxal (51) and glyoxylic acid (52) was thought
to offer a possibility of both conferring stability to the product and 
also improving its ’blowing’ characteristics.
With glyoxal we would expect a condensation polymer, probably of 
a complex nature and possibly non-stoicheiometrie, With glyoxylic acid 
discrete molecules would be expected formed by the condensation of two 
molecules of glyoxylic acid with the dihydrazino compound to form
The glyoxylic acid condensation products were formed by adding 
hot aqueous solutions of the two reactants and stirring as they were 
allowed to cool. 'The productsprecipitated out on cooling. The 
reactions were undertaken in an anaerobic atmosphere and to avoid any 
problems with purification (the compounds were expected and found to 
be insoluble in most common solvents) the reactants were recrystallised 
before a* c! it ion. "irnilar precautions were taken with the formation
C H O - C H O
CHO
COOH
(51) (52)
('53)., (54).
NHN-CHCOOH
^NHNCH.COOH
,__N nhnchcooh 
(5 }) (54) NHN=CHCOOH
o f  t h e  c o n d e n s a t io n  p o ly m e r .  I n  t h i s  c a s e  t h e  r e a c t a n t s  w e re  a l lo w e d
t o  r e a c t  f o r  f o u r  h o u r s  i n  h o t  a q u e o u s  s o l u t i o n .  T h e  s o l u t i o n  w as t h e n  
c o o le d  a n d  f i l t e r e d .
A n y  p o s s i b le  u s e  o f  th e s e  co m p o u n d s  a s  b lo w in g  a g e n ts  w as  r u l e d  o u t  
b y  t h e  f a c t  t h a t  b o t h  t h e  c o n d e n s a t io n  p r o d u c t s  a n d  t h e i r  r e s id u e s  a f t e r  
t h e r m o g r a v im e t r ie  a n a l y s i s  w e re  c o lo u r e d  ( T a b le  4) •  One o f  th e  
p r i n c i p l e  c r i t e r i a  f o r  a  g o o d  b lo w in g  a g e n t  i s  o f  c o u r s e  t h a t  th e  
m a t e r i a l  a d d e d  t o  t h e  p r e c u r e d  p l a s t i c  b e  c o l o u r l e s s  a t  a l l  t im e s *
T h e  g l y o x y l i c  a c i d  p r o d u c t s  s h o w e d  a  l o s s  i n  w e ig h t  a p p r o x im a t e l y  
e q u i v a l e n t  t o  t h e  d e c a r b o x y l a t i o n  o f  b o t h  c a r b o x y l i c  a c i d  g r o u p s  w i t h
t h e  e v o l u t i o n  o f  tw o  m o le c u le s  o f  c a r b o n  d i o x i d e .  T h e  m a ss  s p e c t r u m  
o f  t h e  i s o q u i n o l i n e  p r o d u c t  g a v e  a  p a r e n t  p e a k  m/ e  =  213 c o n s i s t e n t
w i t h  t h e  l o s s  o f  tw o  m o le c u le s  o f  c a r b o n  d i o x id e  f r o m  a  c o m p o u n d  o f
m o le c u la r  f o r m u la  C ^ E L N .- 0 .  a n d  m o le c u la r  w e ig h t  301 • T h e  p h t h a l a z in e
1 2  II j 4
d e r i v a t i v e  a p p e a r e d  t o  h a v e  d e c o m p o s e d  f u r t h e r  i n  t h e  m a ss  s p e c t r o m e t e r  
a n d  n o  i n f o r m a t i o n  c a n  b e  g le a n e d  f r o m  th e  s p e c t r u m .
TABLE 4
C o n d e n s a t io n  P r o d u c t  l o s s  i n  w e ig h t  Tem p, ra n g e  F i n a l  a p p e a ra n c e
g l y o x a l  +  1 , 3 - d ih y d r a z in o  
i s o q u i n o l i n e
1 2 0 - 1 6 0 °  B la c k  s o l i d
1 0 0 -1 8 0 0 B la c k  s o l i d
120-230o B la c k  s o l i d
g l y o x a l  +  1 , 4 - d ih y d r a z in O '  
p h t h a la z in e 13*8^ 200-300,0 B la c k  s o l i d
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Potentially of more interest as blowing agents were the 
tetrazole compounds formed by the action of nitrous acid on the
dihydrazino derivatives. 'Hie mono-azido mono-tetrazolo isoquinoline 
was automatically ruled out because of its explosive nature but the 
other isoquinoline and the two phthalazine derivatives were all 
possibilities as they were all virtually colourless and with a very 
high percentage of nitrogen in the compounds there was a good chance 
of the loss of nitrogen gas on heating. An inert gas, this would be 
ideal. Further, nitrogen seemed to be given off in the mass 
spectrometer. Again, however, coloured residues were formed on 
heating hence rendering the samples useless as blowing agents.
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EXPiuRII'M'TTAL
S o u rc e s  o f  s p e c t r o s c o p ic  d a t a :
T he  i n f r a - r e d  a b s o r p t i o n  s p e c t r a  w e re  o b t a in e d  u s i n g  a  U n ic a m  
SP 2 0 0  s p e c t r o p h o t o m e t e r ,  t h e  m u l l i n g  a g e n t  i s  a s  s t a t e d  i n  e a c h  c a s e .  
T he  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  a f t e r  th e  a b s o r p t io n  v a lu e s :
■s’, s t r o n g ;  b r ,  b r o a d ;  w , w e a k ; s h ,  s h o u ld e r .
The  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  w e re  o b t a in e d  u s i n g  a  U n ic a m  
. SP 8 0 0  s p e c t r o p h o t o m e t e r .  ‘The s o l v e n t  u s e d  w as  9&fo e t h a n o l  U n le s s  
o t h e r w is e  s t a t e d .  T h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  a f t e r  t h e  
a b s o r p t i o n  v a lu e s :  i n f 1 ,  i n f l e c t i o n ;  s h ,  s h o u ld e r .
T he  p r o t o n  m a g n e t ic  r e s o n a n c e  s p e c t r a  w e re  o b t a in e d  u s i n g  a  
P e r lc in - E lm e r  60  M H z. N .M .R . s p e c t r o m e t e r  o p e r a t i n g  a t  a  t e m p e r a t u r e  
o f  3 4 ° •  D im e t h y l  s u lp h o x id e  ( d . m . s . o . )  w as  u s e d  a s  a  s o l v e n t  u n le s s  
s t a t e d ;  t e t r a m e t h y l  s i l a n e  ( t . m . s . )  w as  u s e d  a s  a n  i n t e r n a l  standard 
i n  a l l  c a s e s .
T he  m ass s p e c t r a  w e re  o b t a in e d  o n  th e  A s s o c ia t e d  E l e c t r i c a l  
I n d u s t r i e s  MS 12  s p e c t r o m e t e r .
T h e r r a o g r a v im e t r ie  a n a ly s e s  w e re  o b s e r v e d  u s i n g  th e  S ta n t o n  
I n s t r u m e n t s  T h e rm o b a la n c e .  -
S o u rc e s  o f  a n a l y t i c a l  d a t a :
M e l t i n g  p o i n t s  w e re  d e te r m in e d  o n  a  K o f l e r  m ic r o  h o t  s ta g e  u s i n g  
s t a n d a r d is e d  th e r m o m e te r s .
M ix e d  m e l t i n g  p o i n t s  w e re  d e te r m in e d  u s i n g  a  G a l le n k a m p  m e l t i n g  
p o i n t  a p p a r a t u s .
M ic r o a n a ly s e s  w e re  p e r f o r m e d  b y  M i c r o a n a l y t i c a l  S e r v i c e ,  C h e m is t r y  
D e p a r tm e n t ,  U n i v e r s i t y  o f  S u r r e y ,  G u i l d f o r d .
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R e a c t io n  o f  o -  c y a n o b e n z y lc y a n id e  w i t h  h y d r a z in e  h y d r a t e .
( a )  I n  th e  c o l d
£ - C y a n o b e n z y lc y a n id e  ( 0.5 g )  w as d i s s o lv e d  i n  a b s o lu t e  e t h a n o l  
(10 m l )  a n d  h y d r a z in e  h y d r a t e  (3 m l )  a d d e d  a n d  th e  s o l u t i o n  l e f t  u n d e r  
a n  a tm o s p h e re  o f  n i t r o g e n  f o r  48 h .  E v a p o r a t io n  o f  t h e  s o l v e n t  g a v e  
s t a r t i n g  m a t e r i a l  ( in .p .  a n d  m ix e d  m .p .  8 1 ° )  i n  q u a n t i t a t i v e  y i e l d  f r o m  
s u c c e s s iv e  f r a c t i o n s .
( b )  W i t h  h e a t i n g
o _ -C y a n o b e n z y l c y a n id e  (4 g) i n  h y d r a z in e  h y d r a t e  ( 1 0  m l )  a n d
a b s o lu t e  e t h a n o l  (4 m l )  w as h e a te d  u n d e r  r e f l u x  f o r  4  h  u n d e r  a n
a tm o s p h e re  o f  n i t r o g e n .  C o o l in g  a n d  f i l t e r i n g  i n  a n  a n a e r o b ic
a tm o s p h e re  g a v e  a  y e l l o w  c r y s t a l l i n e  s o l i d  m .p .  132°  ( d e c o m p .)  ( b e n z e n e )
(P o u n d  C , 5 2 . 7 ;  H , 5. 8 ; N ,37.O . C ^ ^  r e q u i r e s  C , 57. 1 ;  H , 5 . 8 ;
H, 57-1/P, >Crax (itOli) 231.5, 306, 364 nm (log1(£ 3-92, 3.64, 3.06),
V  ( n u j o l  m u l l )  3 5 1 0  -  3 1 9 0  (N II ,N H 0 ) ,  3050w  ( A r - H ) , I 63O ( M  d e f . ) ,  m ax c
1605, 1570, 1540, 1430, 1340, 1300, 1250w, 1200, 1150W, 1130w, 1090,
1 0 45w, 995, 945, .8 0 5 , 795s, 740 cm- 1 , X  (d g d m s o )  3 . 8 9 *  ( 2 H ,  s ,  - h h 2 ) ,  
3 . 3 6  (2 H ,  b r  s ,  .-N H g ) ', . 3 * 3  -  2 . 6 5  ( 5 H  c o m p le x  w i t h  b r  s  u n d e r n e a t h ,
N il ,  4 x  A r  -  H ) ,  2 .1 0  ( H I ,  d ,  J 8 H z  A r  -  H ) 1 .7  ( l H ,  b r  s ,  N H )
* collapsed after D O  shake, m/e 189, 172, 159, 144, 142, 129, 117, 116, 
115, 102, 89, 76.
C o n d e n s a t io n  p r o d u c t  w i t h  a c e to n e
1 , 3 - D i h y d r a z i n o i s o q u i n o l i n e  ( 0 . 2 g )  w as d i s s o l v e d  i n  r e d i s t i l l e d  
a c e to n e  ( 5  m l )  a n d  t h e  s o l u t i o n  h e a te d  u n d e r  r e f l u x  f o r  4  h  t o  g i v e  
y e l l o w  b ro w n  p l a t e s  ( 0. 13g )  o n  e v a p o r a t io n  o f  m o s t  o f  t h e  a c e t o n e ,
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m.p. 152° (methanol ) , (EtOH) 238, 290, 395 nm (log1()6 3-56,
3.43» 3.13)* (nujol mull) 3300 (MH), 3050sh (Ar - H), 1690s
(C=Nstr.), l630s(NH def.), 1595s, 1570s, 1490, 1390s, 1320s, 1265,
1260, 1245, 1215, 1160, 1105, 1080, 1015, 995, 9^0, 950sh, 890v, 810w,
780, 765s, 720s, 695w cm-1, (TFA) 7.2(l2H, 2 x s , 4 x CEL-),
j
2.2 - 1.3 (5H, complex, 5 x ArH), m/e 269* 0nCH N requires M, 269.
dp 19 5
Action of nitrous acid on 1,5-dihydrazinoisoquinoline
1,3-Dihydrazinoisoquinoline (0.25g) was dissolved in 3N HG1 (10 ml) 
with 2 drops of c.hydrochloric acid added. Sodium nitrite (l.l84g) 
was dissolved in 1 ml water. Both solutions were chilled and then 
the nitrite solution was added dropwise to the stirred solution and 
the mixture left over night at 0° under nitrogen. Filtration gave 
an almost colourless solid (0.14g) which exploded on heating. An 
identical product in similar yield was obtained using glacial acetic 
acid instead of hydrochloric acid, ^ max (EtOH) 237, 287, 360nm (log^ 
4.39, 3.96 , 3.67), V n]ax(nujol mull) 3050w (Ar - H), 2l60s (-1^),
I630, l6l0sh, 156OW, 1525s, 1435w, 1365, 1340s, 1285s, I245w, 1220w, 
ll60w, 1150w, 1120W, 1060, lOOOw, 900w, 890w, 850s, 790sh, 765s 
(o-disubstituted benzene), 720 cm
Reduction of azido compound from 1,5-dihydrazinoisoquinoline
100 IBg was dissolved in 2-ethoxyethanol (5 ml) and heated under 
reflux for 3 h. The solution was cooled, evaporated to dryness and 
the residue recrystallised from methanol to give colourless needles, 
m.p. 230° (decomp.), (Found, C, 57.9; H, 5.7; N, 37.4- 
requires C, 58.4; H, 3-S; M, 37.8/0, ^ (StOH) 240, 295. 340 nmincite
(log10e 4-75, 4-34, 3.83), Vmax (nujol mull) 3380, JJOO and 3160 
(-MH^str.), 1660s (-MH2def.), 156OW, 1535, 1490w, 1355w, 1335w, 1290,
1190w, 1160, 1115, 1040w, 830 , 785 (o_-disubstituted benzene), 720 cm-'*', 
X(dmso) 3-48 (1H, singlet, 6-H), 2.86(2H, br s, 5 - RHo), 2"? “ 2,2  
(3H, complex, 7, 8, 9 -H), 1.53 (lH, d J8Hz, 10- H), m/e 185, 158, 157,
156, 130, 129, 115, 114, 104, 103, 102, 88, 76, 75.
Action of nitrous acid on 1, 4-dihydrazinoisoquinoline
1, 4-Dihydrazinophthalazine (0.50g) was dissolved in 3N HC1 (20 ml).
Sodium nitrite (0.5 g) was dissolved in water (5 ml). Both solutions
were chilled and the nitrite solution was added dropwise to the stirred
solution. A colourless ppt. formed immediately and the mixture was
left for 4 h at 0°. filtration gave 6-azidotetrazolo £ 5, lt>^\ phthalazine
10
(O.56 g), a colourless solid, m.p. 152° (lit., 152°), (m/e 212.
C8H4Nq requires M, 212), ?Lmax (EtOH) 230.5, 243sh, 252, 260sh, 285 
(log10e 4.13, 3.77, 3.69, 3.35, 3.17), Vm x  (nujol mull) 3060w (Ar-H), 
2160s (-W-),. 1585, 1510s, 1485s, 1455s, 1345, 1300, 1290, 1250w, 1205,
1170w, 1120, 1050w, 995, 980w, 910w, 795s, 7o5w, 725s (o-disubstituted 
benzene), 700w c m X  (dmso) 2.0 - 1.3 (4H, complex, 4 x Ar - H).
6-aminotetrazolo F 5, lb 3 phthalazine
6-Azidotetrasolo F5, 11>3 phthalazine (0.3 g) was dissolved in 
tetralin (20 ml) and the solution heated under reflux for 4 h. Cooling 
gave a pale yellow solid (0*190 g) which on recrystallisation from
2.°
MeOH (charcoal) gave a colourless crystalline solid m.p. 306 (lit., 305 ) 
(m/e 186. CgHgNg requires M, 186) X-max (StOll) 221.5, 242sh, 290 
(loe106 4.95, 3.52, 3.39); V>max (nujol mull) 3380, 3320 and 3310 
(-hH2str.), 3060w (Ar - H), 1650s (-JH2 def.), 1620, 1595w, 1530s, 1510sh, 
1435, 1330w, 1270, 1245w, 1175w, 1120br, lOOOw, 970w, 875w, 790, 720s 
(o_-disubstituted benzene), 700w cm \  X  (dmso) 2.30(3LH, br s, 6 -.NHg),
2 .1 - 1.4 (4H, complex, 4 x A r -  H).
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Condensation product of 1, 4-dihydrazinophthalazine with glyoxylic acid
Hot aqueous solutions of recrystallised reagents were added together
slowly with stirring and allowed to cool to room temperature. Prom
1, 4-d.ihydrazinophthalazine (0*5 g) in water (20 ml) and glyoxylic acid
monohydrate (0.25 g) in water (5 ml), a yellow solid (0.62 g) separated
out. This was washed well with ethanol and water and dried over
phosphorus pentoxide m.p. 165-5° d, the compound frothed considerably
on decomposition, X (nujol mull) 3420w, 3250br, 3100w, 1650, 1625,max ■
1585, 1560, 1430w, 1360, 1300w, 1250w, 1125, 1020w, 995, 920, 820, 795,
760w, 710 cm” ^ , therrnogravimetric analysis gives..26^ weight loss, loss 
of 2 molecules of CO2 from C^H^qN^O^ requires 29/ weight loss.
Condensation product of 1, 5-dihydrazinoisoquinoline with glyoxylic acid 
Hot aqueous solutions of the recrystallised reagents were added 
together slowly with stirring and allowed to cool to room temperature.
Prom 1, 3-iihydrazinoisoquinoline (0.14 g) in water (20 ml) and glyoxylic 
acid monohydrate (0.14 g) in water (2 ml) under an atmosphere of 
nitrogen gave a pale yellow brown solid (0.2 g) which was washed with 
water and PtOH and dried over phosphorus pentoxide, m.p. 210 - 220°, the 
compound frothed considerably on decomposition, m / e 213, loss of 
2 molecules CO^ from C^H^N^O^ requires il, 213, therrnogravimetric 
analysis gives 27> weight loss, loss of 2 molecules 00^ from 
requires 29/ weight loss.
Condensation polymer of 1.4-dihydrazinoisoquinoline with glyoxal monohydrate 
1, 4-Dihydrazinophthalazine (0.5 g) and glyoxal monohydrate (0,20 g) 
were dissolved in absolute ethanol (40 ml) and heated under reflux for
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4 h to give a golden brown non-stclcheiorre tile solid (0.55 g) on cooling.
This was washed with ethanol and water and dried over phosphorus
pentoxide m.p. 230 - 5° d, tliermogravimetric analysis gave 20.8/
weight loss.
Condensation polymer of 1,5-dihydrazinoisoquinoline with glyoxal monohydrate
1,3-Dihydrazino isoquinoline (0 .5 g) and glyoxal raonohydrate (0.20 g)
were dissolved in absolute ethanol (40 ml) and heated under reflux for
4 h to give a brown rx«istaii±nlomefcric solid (0.45 8 ) on cooling. This was 
washed with ethanol and water and dried under phosphorus pentoxide 
m.p. 230 - 40° d, thermogravimetrie analysis gave 13.8/ weight loss.
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